) 32 % 3R Acta Phys. Sin. Vol. 71, No. 17 (2022)

174203

B A AR A N TH AR

e

REE KH#AF R¥

Frst

(P2 FRHE 2l TR 2B, P94 710071)

(2022 4F 4 1 6 AYEI; 2022 4E 5 H 6 FYEIBR)

Bt X ) B SOL B N TR 308 e SO Al B LA S AR T 4 ) AL R S B T A ) O TRl R A4
PR LY, AR BT A% G0 09 W0 O P BOR A B3 i L3, AR SCHIE S T IO RESRE L DB | OB B 459
J6Z O O Hl B ML S A 52 R, 153 T R LR RO S BORARIE B, R B s RO WOG SR E (10 0.365 mW)
A7 A R AR G 3L T AN A TR . BIE TR TR T M R T R ARt e IS AR 2 S R A 2 X T A LR
T, VAR AW R 5 W . i S5 2 TR A 70 B 52 0 ) S JB 2 A [ ) 1 3R B8 2 OB A ) TRl 2 AR T
JIT RS2 H14 5 T 5 T B B AR A SR LA g i v 3.1 4% )5 D BB AR 25 RO T S B AT R W T T A O b 2 2
A T R B (S 0 (L e R TR A ). A, 5 AR R B R A S R 1 2R AR,
AT TIEA T WA AR e E A A 4138 Ty s B By OB s in THOR Al R H THOLR 5 AR

2T = 2 B PR 45 4 14 S o T 5 R T

KEEIR : BOCRAIN T, BOGES, B, W’
PACS: 42.62.-b, 47.57.jb, 61.30.Pq, 87.85.Va

1 5 =

BRI SUPRERBE R AW, AL 5 8 L TR
i IR S SURE ) R AR i R R A
TE A SRS AR B A AR 7 o T A 7E H
MR O, 200 AT R %, T e ) A i
M R SO ] AR ZE LS 1 3] T (OO,
SR TR Ak LT IR AR A TR KU 9 v T
b, 7k ARSI T At i, i 1
FUORIIRE S BT E, MO0AS R A Seilt i A%
AR, R TR R L AL SR, AT
TR RGBS LS (22K EGORATER) 99
THIT I T HERRES M B T TR, FIRAT 6
BRI AR E. B, PR E iz

DOI: 10.7498/aps.71.20220625

iz T R HL 7 e 200 B DR iR 0 e A%
ST NS 40 i 021 A e I (15191 4R SR a2 Tl 1
SERITTT B GUIAIT SR A IR, B s
HAT G FER /N (BAIR) | #4205 08, 25
Yo bS5 WAL, 7R ik 07, R By s g 181,
i AR 1O ettt TR ORI fl oy BY S5 24
A A BRI FHA (EL

F B S0 T 1R 4 ol 0 Jin T3 3 >R T
TR 21O SZEARAE B RO 8 Fr P
AN BORUA S LE X, AEBTUIAIEE A9 I P
JRARCT I LA 2D B 22 20 4 07 AR IO BR A 4544
SR, B ot 5 v i s vk AR Y BIRH 7 | Bt i
5K 3 SRR 1 B SRR ) T R R i T
AET, fEH L AE S8 il —SE R R (2K 1Y
{7 FLBR A S5 R N T2 E 1221, B O B B S AR )

* [EHFRARBERS (S 62005206, 62075176, 62005204) , 2 E w6 o S A AR 55 B8 L I3k 4 | 7522 TR RSB
SEEG IR GRS B A TR H (S 2021-79-104) FIBEPYA A SRRl 2EFERIDFAR AL S (LS 2019IM-313) HEHIAYIRA.

t BIE1EE . E-mail: jkguo@xidian.edu.cn
T BIEYEE. E-mail: xrwang@mail.xidian.edu.cn

©2022 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

174203-1


http://doi.org/10.7498/aps.71.20220625
mailto:jkguo@xidian.edu.cn
mailto:jkguo@xidian.edu.cn
mailto:xrwang@mail.xidian.edu.cn
mailto:xrwang@mail.xidian.edu.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

¥ 1B ¥ Acta Phys. Sin.

Vol. 71, No. 17 (2022)

174203

T B SRR SR [F, IR B 5 iR
AR P, X WA nT W 51
HEDI A1 5 H A b i S ok ok B & HuHES
BRI JF A5 (F1AL). P ARk 2 IR
HAMERZ R L K% Kumacheva PR8I 29 f
Bl S5O A I A D FH S 25 R S BT g R B0k
AT [ A1, R T R 40 T8 o
B E W T, HAZ 7 AU 400 nm AR RSHI4H
KIORA . W [ S K Song PR P4 KK
AN T 5| A T 84 S40s, 68 TR HREOEE
FORE AR S R G P9, NI LA F R T i
J5 AT S IR BRI L 4 | JRe B H S 8 A e YT
ORI T 2R TR IEEE i T REEFn ] fin T-2544
S, AZIF IR I H VBRI AR [ HE S kA
4514,

AR SR E T 5 O A B HLOIN T R 5
X B i T AR ST T IR A B0 58 Rk —
AR . W T EOGRE R R RE B B
EWOCSHONT IS RZ IR WFFE T 2 I PR v
JEE VAR 2 IR 25 S AR IR 2 X S LR T
B, VASGE AW RST i sem; sa, 5l ARG
FIAHES L 0 B ARV oA N T B RIRGR, A0
T S A IOR RUJBE 1 V80T A7 A 1) 2R B AR

2L, W T RS L L A A 15, B
LA DA 55 L I 20 A B ) TR BR A5 4

2 WO B LA T & 5

WOCHR LR ST RGN A 1 TR, ik
T S S (MLC-7026-000, Merck) {0 /K i
WOR ABEIE O R AR KIS
HAMCH 5% MR TENE T b B RN (SDS,
Sigma-Aldrich) # K. W T HY SDS 701215
FETKFIR AR I P A, 7 R AC Tk 25 1 7k 7 1 [ s
VS T BT AU S R s
PRIEEEE A 1.5 mm, Wb T 23 B e Hhoa T7 e 1A
PR (18] 1(b)). Wi NEA B 735k 0.1% 1Y
¥ 5. % —6(coumrain-6, Sigma-Aldrich) 44l FH LA
SRR A0TSR, T [ A S 2 S 0 v 3 P
— 5 HE T YR IR U 1Y) 455 nm. 1) 3 S2 O
ar (LL445T, KESZHOGHD) /A TOGE. ot
JHE i B MR (BB LR NA = 0.75, JE )
?Bigk/gzﬁhﬁfmﬁ N a0 28 N S ED A OF 7 @ o

JETR B REN 0.15 mm. St & TR
%%Aiumhﬁh&ﬁ%%ﬁ@H%WWE%%
N E.

(b) ot
TR

KPR G

()

TSGR

CCDifEfﬂl {;ﬁjf K

A

(a) X
s

AR o AR W

rléj'ﬁ}# Pl

(AN & A R 7%5{7‘6%5

e

B A BOROCH BIALEON T R S

Fig. 1. Schematic of the laser-assisted micromachining system for soft matter.
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Fig. 2. The impact of parameters of laser beam on the laser
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injection: (a) Laser injection is feasible within a specific en-
ergy range; (b), (c) laser irradiation with the energy above
the maximum range would induce the flow of liquid crystal;
(d)—(g) the impact of beam size and irradiation location on

the laser injection (Scale bars, 20 pm).
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Fig. 3. The impact of ion concentration on the mechanical
force of laser injection: (a) SDS concentration in water solu-
tion can change the minimum laser energy required to in-
ject guest droplets; (b) it can generate higher interfacial
tension gradient in a solution with higher SDS concentra-
tion under the same temperature increment, resulting a
stronger mechanical force for injection; (c¢) the ionic concen-
tration is the key factor to drive the difference in thermal
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Fig. 4. The impact of material type and phase state of liquid crystal on the laser injection: (a) It could be harder to inject guest

droplets into a host liquid crystal droplet with higher elastic constant Kj; (b) the laser assisted mechanical injection remains effective

for the processing of isotropic materials (Scale bars, 20 pm).
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Fig. 5. The self-assembly of injected water within the host liquid crystal droplet: (a)—(c) The injected water spontaneously merges
into guest droplets with uniform size which subsequently self-assemble into droplet chains; (d) the cross-polarized microscopic tex-
ture of guest droplets in a liquid crystal medium; (e) the critical size of guest droplets can be tuned by varying the SDS concentra-

tion (Scale bars, 10 pm).
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Fig. 6. Self-assembly kinetics of guest droplet in the defect line: (a)—(c) Two guest droplets move in opposite direction in the defect

line and eventually attach into a droplet chain; (d) their relative velocity and separation distance follow a power law dependence.
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Fig. 7. Processing of microdroplet structure of liquid crystal with the help of the defect line: (a) Inject and load guest droplets in the

topological defect line of a host liquid crystal microdroplet; (b) the injected guest droplets arrange along the geometric structure of

the defect line.
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Abstract

Laser micro/nanomachining technology for soft matter achieves the purpose of fabricating the spherical
structures of soft matter by combing laser-assisted mechanical injection and controllable self-assembly, which
has significant advantages in comparison with conventional methods like droplet microfluidics. In this study, the
effects of laser parameters such as laser energy, beam size, and irradiation position on the injection are
investigated. It is found that there also exists one upper limit of the laser energy, and if the laser irradiation is
too strong, it can introduce a convection flow of liquid crystal rather than trigger off the injection of guest
microdroplets. Thus, the laser injection can be achieved in a specific energy range of the laser irradiation. By
manipulating the laser beam with a smaller size, the guest water microdroplets can be injected at the
preselected location on the surface of a host liquid crystal droplet. In addition, the influences of material
parameters such as the surfactant concentration, the material type and phase state of liquid crystal on the laser-
assisted mechanical injection, and the size of the injected guest droplet are investigated. It is found that the
liquid crystal droplet with higher surfactant concentration requires less energy from the laser irradiation to
generate enough mechanical force to trigger off the injection. Because under the same temperature increment,
the liquid crystal droplet with higher ion concentration enjoys a stronger surface tension gradient. By comparing
several different types of liquid crystals, it is found the injection of guest droplets into a host with a higher
elastic constant liquid crystal can be more difficult. The influences of the material type of liquid crystal and the
concentration of surfactant on the critical size of guest microdroplets are summarized. Finally, the defect lines of
liquid crystal are introduced as the self-assembly template, through which microdroplets of liquid crystal with
the sophisticated spherical structure are fabricated. The self-assembly kinetic behaviors of guest droplets in the
defect line are analyzed. The laser micro/nanomachining technology of soft matter can be applied to the
extreme processing and application development of 3D spherical structures in the fields of optoelectronics,

photonics, and biomedicine.
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