Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 11 (2025)

116401

Quincke 7E MR 2 AR 5| X EMARTT A B2

iR ARl REX

D H B KR

(IR R R 2 SRR 2B, B R A K 28 XFFE ey, 20 215006)

(2025 4F 3 1 7 HWH; 2025 4F 4 F 2 HUEE M)

W PEY B R B SEAARAT o 2 RS SR, T R AR 8 (9 0 51 ) Xk 6 Ak 3 2l Xy 52 i i 25 R S A
G AWK, 18 Quincke 16 PEBRARIR R | 38 i 15 v (EHD) 200 55 YRR 51 7, 138 08 5 4007 44
BB, AL A N TS K BEAR 2 B O R R, BRI R A AR A 2 R A0 IR B S
WL H AT B T HE e S OIS PR AR Ak U A s 18] 39 59 23 A1 FATT A0 5 245 SR 3 WD Ak A AR ] ) I 5 |

712 2 ORI PR PR AR I ORI R B F1 24T

ST : Quincke EVER, W51, S, SRz sy

PACS: 64.60.-, 05.65.4+b, 87.18.Gh, 82.70.Dd
CSTR: 32037.14.aps.74.20250292

1 5 =

W TE It O B A KB RE T IS A
AR (NS A0 T HLER A ) i AR H SR
Fefdi s At BESE L A 9K 3h 1. Gz 3 ) 1A
i FE AT AT i — 2 a2 3 B Fiz 2l i 3
Ji1a), ARz 3 P AR RE s Iz R T 2R
JE A= i A 2 v WOULJZ THT AT DL e 0 240 i Y
3L A% B 55 20 T R v B DRz gl 181, T LR
VO (AR Ay S50 171 i R ) 5 2R AR AAC ) SR R B
1A

NIRARFRRIB S P EALE], FHIEA I E
PR T REARSCATTE 10, o) Viesek BT fi#
BN PER & b AR A2 Bl i B AY 22 S A 2 — 12,
TEIZAGTY R S A VAR ) AR B P i g A D 2
XESFRLH. A X SR BT, R —

*ER HRFIERS (S 11974255) TRBhGGLEL
t EfE1EH. E-mail: kangchen@suda.edu.cn

T EfE1EH. E-mail: tianwende@suda.edu.cn

1 MWE1E#E . E-mail: zhangtianhui@suda.edu.cn

© 2025 FEYIEZS Chinese Physical Society

DOI: 10.7498/aps.74.20250292

RE R PR 22 R A TOT B TP AR, TE SR IARIZ 5.

HEF ) EFHTEEIRR (AndiRsh Bk HEF 1
JREAA ) SR BRAR TP - P AR P T E A S
55 5 S AR I, 78 T X 5 Al HE R AR &R
v, R A B AR RGH, A R BRI e R
Bf &= A is 8% S AH 432 (motility-induced phase
separation, MIPS)314. 33 A {4 2 3 12 5 A 8B X)
FEHLEI AT B &I B e |« 3l A R 45 SE A2 Bl
G X FEAILE AT ARV TR 1) J LA FME 9]k
TN B B X PR (6] S S SR, B S5 5
W Z 4 rh T aliHE 7 2 5088 2006 A AH BRI G <
B PR R W e AR s B VR
B 2. (AT B RSE, HA WS AR B A
PEA IR R G AT LLGE [ e S 51 /E
DIRRIRSN SE B [ AR5, ITIE A R4 4 07
MG 5| 7 X B AARA T S 1 52 M 7 A 7 S 3 v AR 31 78
J3BiE.

http://wulixb.iphy.ac.cn

116401-1


http://doi.org/10.7498/aps.74.20250292
https://cstr.cn/32037.14.aps.74.20250292
mailto:kangchen@suda.edu.cn
mailto:kangchen@suda.edu.cn
mailto:tianwende@suda.edu.cn
mailto:tianwende@suda.edu.cn
mailto:zhangtianhui@suda.edu.cn
mailto:zhangtianhui@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 % 3R Acta Phys. Sin. Vol. 74, No. 11 (2025) 116401

PEAER, HT Quincke JEHE UV Y 1K &R 5¢
PR ) RIS g AR, BT 2 B T AR T
EIIFE 18 24, Quincke BLF-fEIG AR Al &
AR ERE ), Hoaz s s BEHOH T s 2R e
SR ARG AR TAE G HE R R TR R
Quincke REAFAERFERTIRS IS |FH ELA R 20,
I E B I W 5 A AR AR S S 37 i 2%
LER R OCHENE T 7. BRI, WS | X SRR AT S
SN 2 H FT b BeA A RTR G AT

TELEM IR R A A 5| R A+l 1. 7
SRR ITAE | AR | AT A KA
Hh, B gl R Il i A S 1 E Az gl
N2 A AR IRITRS | IR K T DA S 2 e
Fo B8 M LA P50 AE45 . [RGB G VA 2R
W5 | % SRARA T N (S i 28 S LAY

AHIEFE LA L 3R B Quincke 74 28 04 LR AR
R BFSE T WG] % Quincke TR SN F12417 R
S AIFTE A B, W51 T 5122 b 35 i 56 J
JERT FERONE, TF75 R MU A 1) 25 B2 73 5, T B
PEBERA, BEABEA P 2 ] 2 234k X E
A1 S 0 LI T A . T HE R 32 S A R PR AR
A, AR RS [ 2 0 A FAT TR TE 45 R,
I AN AT R 08 5 | 2 Jb 26 M B3 0 PR A R A
PR IP Y DA S EWSNSE /S e YU SuSTIE S
P Bz

2 SEET

MR Bricard 4 1) BYBFSY, FRATHISS T =480
Quincke BARBURAAZR. S2grh, 4 EHAEHR 10.1 pm
H 2R 2 M/ NBR (thermo scientific G1000) 43HUTE
0.12 mol/L ) AOT ¥ /iE+75%eH (sodium di-
2-ethylhexylsulfosuccinate, —.—2-Z 3 & LAt FL 35
HIRAN, AOT), IR BV % £ P ITO 7
LY (indium tin oxide, A L8HE), ITO) 4 K1)
T v, Bt 3 2 [ FH A 2% R Sy B T, Y4t
I B TR BRSNS B (F 1(a)), AR+
PAF AT THUIZ W RS, R TS b e R
31, R HUEAS TR SCPAT T HUY, AT B A 43
i (EETHY), RE A Bl P < E. 4l
i B R A I L S B B B XSRS
PRV W b AL, HE S/ NERTERE . /INERTE [ A
I b, 5o e o i AR R P #2 iz 3. 78

7T e, BARRBURTE ITO 2L P i %
TS — 46 3.

AOT W= — Pl 2 WK WA . & /K 1)
Z /DAL SR, IS8R R N
W (electrohydrodynamic flow, EHD flow) %5
BRI 51 F7 BOSU(EHD W51 H7) B3R5, JEimss
Ma) Quincke R B 3h J) 2247 . ARSLE PR AOT
VU 22 PR TR A [ 4 5 1F 7S B 00 4 — e Bid L
RAS2M. BT ZEMRAEAREERME, A5
I3 AT BV R TR AL PR 2 PR R A 14, 5 1E 1
NPT G A SERIVA R . B B A Y SR VR
ZE SRR ERATAE RPN o M D BT N G D)
i), A3 W S K AN ). ASBIESE
AOT FHLUFWCAPIFN, 73000 &K T AOT
(HERo=20x108S - m ) LA R &KEZH
i AOT (B3R o =3%x10""S -m™1).

FATVE G2 o U X S 3 B A U8, I
i FH R AR AL (CMOS, F 3% 1000 i/ #2)
TCSR S gt AR R4 R &80 Ab 2R S #1) AT IDL,
Matlab S5 F2 5 8445 B 10 52 o7 | R 4%
PRSI s, AT H A B A , g
TR S ECR v A7 0 R T L VR Y L

3 LA R
3.1 B TFhbE

PERUER R 7] 0 w5 (N 7 DU 7 RN AP
AOT T HL I W HHoRL 7 %) lf 48 % 55 i 72 (181 1(b),
(¢)). PIASKL 38 LA— 5 B0 3 JBE 7 1) ff o5 2 5
. FER SRR R, R T HEREE (A
RMEFE WD, B[R] 20 3 i i . X SRR X P
oo S R VRS VR T R Al A o AR R R e A T BE
F. R BE XS FEHLRIAE Z AT R B s A AH DG
A POL F PR S LA IR 22 5, R R X S Ao R
AAH.

eI AOT FHUFW T (K 1(b)), 24 t = 5 ms
INF, PORLT 0 |AG| T IR MR BE I/, SR A 1%
7. FEBEAE X5, R R T IR ) A4 . 7R 5—
20 ms IF[E] N, BT 3408 H1 29 2.0 pm/ms 42 T+ 2 2
2.7 um/ms, HTE 20 ms BRI iHE TRE .
7E 20—40 ms I [A] P, R0 8] (9 BE 25 PR F5 72 24
11 pm , HARC PR BT 10 22 | A0 B/ NT 200,
R FHEFRRETEZ 2.7 um/ms , FHPRLF[IJE R, T

116401-2


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

Y] 32 2 3R Acta Phys. Sin. Vol. 74, No. 11 (2025)

116401

d/pm

140

Abs(A8)

120 F
100 |

80 -

60 -

40 | l/"“'“‘\
20

3.0F —e P,
—o— Py
2.8
2.6

241

V/(umems )

221

20

1.8F

0 10 20 30 40 50 60 70
t/ms

140
120

100

80 F

60

ol j.'......w
20

—— P,

—o— Py

Abs(A0)

1.9F
1.8}
1.7F
1.6 |

1.5}
1.4
1.3
1.2

1.1F
1.0

V/(pm-ms—1)

0 10 20 30 40 50 60 70
t/ms

Bl 1 WRiF (PL, P2) WAIE SR (E = 1.20E. ) (a) SCH %6 KFEIE; (b) W AOT F HIF W TR F R fEE T 72 (¢) T AOT
FHE IR PR R R (b)), (c) TOUHR: R 22 B] A I B e [ 4 25 Ak A 1] X S A P B B g e AR A e ] AN L

JEE 7571 2 6 9 5 2 BRI ) 92 A JER R TR AR Ak

Fig. 1. Collision dynamics between two particles (E = 1.20E¢ ): (a) Schematic of the experimental setup and Quincke rolling;

(b) particle collision process in wet AOT conductive solution; (c) particle collision process in dry AOT conductive solution. (b),

(¢) Top: Distance between the particles as a function of time. Inset: Speed and trajectories in an aligning process. Middle: The angle

between the two orientations as a function of time. Bottom: Speed evolution in pair aligning.
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Fig. 2. (a) Repulsion-dominated disordered gas state ( E = 1.20E; ); (b)—(d) attraction-driven cluster formation and subsequent dis-

sipation ( E = 1.20E¢ ); (e)—(h) velocity direction color maps corresponding to panels (a)—(d). The direction color key is shown in

the lower-left disk.
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Fig. 3. Subcritical behavior of the attraction-driven Quincke system: (a) Raw experimental image at E = 0.9E¢ ; (b) velocity color

map corresponding to Figure (a), white particles denote stationary colloids, and the velocity color scale is shown on the right. Scale

bar: 100 pm .
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Fig. 4. Collective motion: (a) Repulsion-dominated polar fluid ( E = 1.30E.); (b) EHD attraction-driven polar cluster ( E =

1.30E; ); (c), (d) velocity direction color maps corresponding to Figure (a) and Figure (b). The directional color key is shown in the

lower-left disk. Scale bar: 100 pum .
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Abstract

Active matter can form various collective motions. In dry and repulsive systems, a uniform polar fluid
emerges in the presence of an aligning mechanism. Theoretical studies have shown that in active systems with
attractive interactions, particles can achieve spontaneous velocity alignment and form clusters through the
synergistic effect of self-propulsion and attraction. However, so far, the influence of attractions on collective
behavior has not been well addressed experimentally. In this work, an electric-field driven Quincke system,
where an electrohydrodynamic (EHD) long-range attraction is present, is used to investigate the influence of
attraction on the collective behavior. It is found that the long-range attraction can significantly increase the
interaction time during collision, thereby enhancing velocity alignment. The aligned particles can form dynamic
polar clusters. Moreover, in the presence of a long-range attraction, a uniform polar fluid is unstable: density
fluctuation leads to denser polar clusters which share the same direction of collective motion with the polar
fluid. Our findings show that the attraction between active individuals can significantly change the microscopic
and macroscopic dynamics of active systems and provide insights into understanding chemotactic attraction

phenomena in biological systems.
Keywords: Quincke rollers, attractive interactions, dynamic clusters, collective motion
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