#) 32 % 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 170501

HEXE

S R R R T
A

BT &R E%7

A 5 731

KR PREET

(MY BIRL 2 SRR R, BRBER Y B B S U5 b, S5 M 215006)

(2024 4F 6 H 5 AYEI; 2024 4E 7 H 6 FYEIBHR)

WEVEY B [ HEBERAAE S R T VR 28 1 AU GR, 10 R G W BE AR R ) ey R T DL 7 AR R A
AT R AT O, SRR T IR TR S RS W B S XURESE . AR SGE 1 8 ) s L, WESE T A RS T
PEXT ABA 7 = i B 5 W) B MG A 2 78 ) VA1 28 . O 45 R A IR P ik B3 SR W BRI 14 B A U T 1 SR Bl 3 P |
AL F) 19 265 B3 3l 908 P A D) 5 T ) 295 B8 5 By ™ M R LA 2 ) 58 I 1) 2% 1) 4 MBI BE 7 T, >4 A iR B 2 1]
MR 751 58 R R R R, P L 51 i 5 P 0 94 50 T A 9 5 | T2 A5 /N N A OO0 DU R . S IR A ) e SRR P Y 78
PRBR T 52 2 W51 58 B2 (19 20, ok 5 8RR A 56, (e 3 J1 /07 1T, TGV R G W0 1 1l is 3 23 51 R R E RS Bt
2 AR P B B AR SCRO BT A B T34 2 00 36 4 3RS W A AR AT o BI04 PR R A4 3 RS ]

P T BT Y R

KA T, ABA SHBIERY, TR, KAV

PACS: 05.40.Jc, 82.20.Wt, 82.35.Jk, 87.16.Uv

ail%

1 5

T PR Ay SR L 3 e 9 R P T e i IR A ] [
PRI A RE R S B I FRAK . X [ BRI E
RS A T EAR T TR Gt A, TR
B — R IVE AT 1 sh 1247, flhnis s S48 e
B R AR iz gl 02 45 Ao i e | B
SR TT %, BOT TR S IR AR
A

SEPERGY R E BRI 5. HR
JER—, JTEAFE T2 R A iy RGTH . a0 EAZ 4
JiE A e i ) AR SR R ) B AN e B
AR AT 78 e O, I R O 25 BR T AR R SR
B, AESER bk n] DU 2 R 07 20N TS
FAEFE AR L& S R SRS, B s g 5k

DOI: 10.7498/aps.73.20240796

JETF W55 348 Janus 4TI RUEEIR S5, 1 4
AN AL 3 R AR s ) 9 AR G 3 R 5 [
BRGTA KB ERGYIN, 25 WA AR SR
EYRIR A h LG SRR ZE AT A
g SRS 2N IR (I EINE 15710 B W2
SEFA PR AV 2 N R R A T Pl 3
TR IINAE —HEas [E] vh, SRR AU 4K
B AR 22 A5 AN [R) 1 2 JBE IR ) R/ N2 I
BT RS RS A B SREFIAS B0 B4 P R A A
T S (3 5 E IS B 2 | 1) 51 HE S R0 A i 7 112
TERCE Mo T Ik G PRI s, Sikshs
SEHRAAE T 0TS R 1038 3, 5 BURMAE T 18 fie
LE RN Al 091, I i S, Al 22 A 4]
ZURATRE | T T AN E AR $E Y 25 D001 55 b,
Ii] fCE T 8 2 1 TR A5 0 P S R S 2 UL
AN R OGN R 90 G SR & SN D

* ER G RBIERES (HES: 21774091, 21674078, 11974255) ¥R fII5EL.

t EfEEH. E-mail: tianwende@suda.edu.cn
T BEfE1EH. E-mail: zhangtianhui@suda.edu.cn
1 WE1EE . E-mail: kangchen@suda.edu.cn

© 2024 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

170501-1


http://doi.org/10.7498/aps.73.20240796
mailto:tianwende@suda.edu.cn
mailto:tianwende@suda.edu.cn
mailto:zhangtianhui@suda.edu.cn
mailto:zhangtianhui@suda.edu.cn
mailto:kangchen@suda.edu.cn
mailto:kangchen@suda.edu.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 17 (2024) 170501

(bundles)!'S47. FE RS R AGHEE T, B RSB
BB PEBEIE (percolating active network). iXFf
BEIRE I 28 B AR Sl AT e 1 | 1 i dz A 14
TRA 55 5 AN AR 7 = BEAR OGN Bl ) 2t (618,191,
FAR A AR Z 0] LB VR YRS W i A Y iAo vl
UL 5 57T o S5 A 00 VR A 42T i
REVBERE, HLanis s o2 75 N fe2 22,

TEAETE M R G WA R T, B ABA =i Bedt
R Yy BREE S B (b A fix B ) 2HA 45
SYER) W23 1 Tz i OGHE. TEi B R YIA
ST INES AR 2E G A B e, BIAP S &
18 L B 1 A BT A8 Ak PRI, BR T AN S AR AT
FESS G A B BE, ABA SERYIA 3R AT RERTAY
% 23 1) 31 (loop), BIRH&PEAS A i B & T [l —
WE; 2) v (bridge), BRI itk B i 3 P AS 7] (4 sk
W%; 3) &% (dangling), BI—2K v i Be A & T1%
EE. 2 ABA =ik Bob SR Wpva i 2 v a) ik Bk
FEVEE R by, Pt S8 PR R 25 4 5 25 5 e
WP B LR RE RIS R, — AR Tl B e
WA R R %O, e R BLE B M 248 1P AL,
Do £ 5 SR e [ A R L T XOP I PRAA R e B
MY NINGE D, FOCHHE ErysRsh 1A
AN EPHE R s (2520 AR 27 [A) AR AR TR — 2L
). FRATE BT A i Bz B HA WS EN B A
UKl AB i B IR 22 2T, R BN [ ) B 5y
TR |5 BE AT DA e B S A R Bl )
AT, ARSCEAE T IEME ABA =i B LR YEIR]
IHRICH A AT R,

AR SCIRATTE SR 1 ) H 32 3K 3 i A7 7
s ABA = ix Beh R Wy i B8 e AL 75 LA K g
W E5#0 5 8 1. EoR 25 R IAE T ABA 2R
VI BERCSA 3 R FE RSB . sh&H
BB R4 5 G WIBEIRS . S5 8 B AN EEA R
FaETES AR BCZ B W5 | SR G, BRI 2
()25 51 T B A2 TR PRI S 2 M. TEBEI 25 i Fh
FNEERI T, 2 A i BCZ T [ BRI, PR L 5]
BETE PE D G iR TR, 24 |98 R A/ N B DA
B T AE I Y 23 SRR TG MR A8 AR BR T 2 3K 5 |
SR RS2, B SEERNIMEA G, T8 R
RO 2. ARSI 0T, ISR S WY E 18]
BT R E RE YRR B A
A BIEGEANA B 38 S VSR G W SR A TR Y
IR, WA R &I TARHEA W B 2 | bR TR

U BRI RS

2 HRAREEH

KT B F A BRI TSP ABA JLHRY)
AR B4, BRI AP A R BEAS 1 Na
A A ARG, A B BLHT N > B HRL,
REEN N = (2Na + Np) . PrA7 ARBLL AT i
Hm | EHARN o WKL, R Z RIS AH AT ]
1 LI #3R:

deapl(o/r) — (o/r)® — (a/1%5)"

+ (0/7%,5)°),
0, T > Tos

Hopr R AR REEIAR Z R AFE RS, o Fl 80K
P FHEAE T AR AL, e0p B re 2050 7R
BAPR Z [) A AH B P 5 B AR EL A FH B A~ A2
€ap M 18 MIREPEIRTE T A PR B FLIRZ ] 1Y
SR, AN 1 RS, O 7RI Y R AR
Wik, R A HiRBOZBLK Y, T T30 4 R AL, 1
B B K 1Yy, Wi TAEE A, R A-
B 1 B-B LA 2 [8] 4 A R S AR B AR T B o 4
HE %19 WCA (Weeks-Chandler-Anderson) #¢, Hf
A EAE AL vy = rip = 250 AT, FFEE AR
HAFHRE eap = epp = 1. MARHERY A iR [H]
TETEA W5, B rS, = 2.50, HoAH B AR o FE
ean = e IR, FH T REALIREEAY A Sk ]
AR 5 [ BRBE . IHEAIAN T2 SE LA 5950 3 =2 TB] 1Y
FHEAE.

—
— Uaa
Uap : N
Uss,
O Ti-1

rit1  Ti

Uaﬁ = r < T(&B, (1)

Fl1 o SR pRR AR B AR RS PR s R, 206 R 3ROR
A SR A FIE KRR B SR, b it B — 28 B SATE
T

Fig. 1. Schematic diagram of non-bonding interactions and
active forces of particles, with red circles representing type
A monomers and blue circles representing type B
monomers, some B monomers in the middle block are omit-

ted in the diagram.
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Fig. 2. Phase diagram of flexible active ABA block copoly-
mer. The dotted line is the rough dividing line between the
various gel states and non-gel states, with the left part rep-
resenting the gel state and the right part representing the

non-gel state.
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Fig. 3. Simulated snapshot of typical phase of flexible active
ABA block copolymer: (a) Stable polymer gel; (b) col-
lapsed polymer gel; (c¢) cluster state; (d) dynamic polymer
gel; (e) melt state; (f) spiral state.
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Fig. 4. (a) The average conformation maintenance time of the chain involved in percolation; (b) the ratio of the number of chains

involved in percolation to the total number of chains varies over time.
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Fig. 6. The pore size distribution of the gel with weak and strong attraction strength: (a) e =3;(b) e =7.
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Fig. 8. When & = 3, (a) the distribution of the branch number and (b) the size distribution of the crosslinker under the three activi-

ties; when e = 7, (c) the distribution of the branch number and (d) the size distribution of the crosslinker under the three activities.
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Abstract

The self-propulsion of active matter leads to many non-equilibrium self-organization phenomena, and the
conformational freedom of polymer chains can produce unique equilibrium self-assembly behaviors, which
stimulates cross-disciplinary research between active matter and polymer physics. In this work, we use
molecular dynamics simulations to investigate the modulation of self-propulsion activity on the gel transition of
ABA triblock copolymers. The research results indicate that under different active forces and attractive
strengths, the gel states formed by ABA copolymers can be divided into three types: stable polymer gels with
stable percolation paths and uniform spatial distribution, dynamic polymer gels with constantly changing
percolation path and strand conformation, and collapsed polymer gels aggregating into large percolating
clusters. The spatial uniformity of active gels is related not only to the concentration fluctuation during the
formation of the network, but also to the inconsistent movement of the network chains caused by the activity,
which is manifested in the rotation of crosslinking points in the flexible system and the directional movement of
the bundles along their contour directions in the semi-flexible and rigid systems. In terms of topological
conformation of polymer networks, when the attractive strength between A blocks is strong, the proportion of
loop increases with the active force increasing. When attractive strength is weak, inter- and intra-chain binding
are unstable, and the conformation is easily changed by the activity drive, noise and other chain collisions, so
the proportion of loop decreases with the active force increasing. The branching number of crosslinking points
varies with active force, which is not only affected by the attraction strength, but also related to the rigidity of
the network chain. Generally, the branch number of crosslinking points in semi-flexible networks is larger than
that in flexible and rigid networks. In addition, the directional motion of active polymers induces anomalous
diffusion in stable polymer gels. This study contributes to the understanding of the collective behavior of active

polymers and serves as a guide for designing and implementing active polymeric materials.
Keywords: active matter, ABA triblock copolymer, non-equilibrium system, polymer gel
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