CRSECI EE LRSI Vol.41 No.3
2026 4F 3 H Chinese Journal of Liquid Crystals and Displays Mar. 2026

XEHS:1007-2780(2026)03-0319-14

E TR EHARKRBINRETREHER

RUERY, REW, A, KHEE, hwmn T
(1. k k% #Exi, & ik 515063;
2. AL EHRETHERADLEELRE, K ik 515047

T AR — MR AR B 5 U e 1 4 ) S R B, DR OO 2 e A T g 2 O A A 1 S DA TR A
TR BOGTR P BT TIZ R o e, SRR AR B AR AT R W SR W T I S A TR R 0 R B e ) 2R AR
B SRR B IR A P P T AR X B SE |, AR 19 2 A v w2 B AP AR B N AR &7 A BB o B AR B BE
S 0 S I, NATRT Rt R I 140 B A% 2 0 DA B S T G B R 45 A PR e ¢ RT  AR  THRE AT I AR SCERIR T
TR BB SRS TR 4326 TR AL B LA R R T3 AR P A R TR S N R S T, DA B S SO e A
T IR A S B S R SR VR s R A L AT T WA TR A T R T A N TE DGR 5 B S AR [ S R i B2
X Y0 BB 1] 37 29 SROAE 8 K, 23 S e T T AR S T ) S R A 2 SR R BT Y 1 Rl AN LA R A R Bl T U A
TET F) 313 5 240 SR 197 45 3 0L A1 7T o e B 7 25 )L S5 A0 B B T Sy 30 IR, R TR R A M BR B TE AR T
T AT RO A DR A AR A L S U R ) 1O P I

X B Wk R EE R E

FESES 0753 .2 X FRIRAG A doi: 10.37188/CJL.CD.2025-0253 CSTR:32172.14.CJLCD.2025-0253

Research progress on topological defects in liquid crystals
under boundary conditions
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Abstract: Liquid crystals are anisotropic soft materials that combine fluidity with long-range orientational
order, exhibiting pronounced optical, electrical, and mechanical anisotropy, which underpins their widespread
use in displays and optical modulation. Furthermore, their unique ordered states also make them ideal
model systems for studying symmetry breaking and continuous media order. However, such order is not
perfect; defects readily form during self-assembly or under external perturbation. Advances in soft-matter
physics and topological field theory have shifted the perception of defects from mere structural
imperfections to programmable functional units. In this review, we summarize the origins, classification,
and formation mechanisms of defects in liquid crystals, with a focus on their controllable construction via
boundary conditions and their emerging applications. First, we outline fundamental defect types, including
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disclinations and dislocations, and describe their topological characteristics. This is followed by an analysis

of the relationship between orientational order and defect formation. We then discuss strategies for

regulating defects from three interfacial perspectives: microstructured solid boundaries, spontaneous

anchoring at free interfaces, and field-responsive soft fluid interfaces, with an emphasis on spatial and

configurational control. Finally, we highlight prospective applications in topological photonics, tunable

lasers, microfluidic manipulation, and colloidal assembly.
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Fig. 1 Topological defects in nematic liquid crystals.

(a) Schematics of point defects with different topo-
logical charges in two-dimensional liquid crystal
systems; (b) Schematics of disclination lines
formed by different combinations in three-dimen-

sional liquid crystal systems.
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Fig.2 Schematic diagram of the molecular alignment and
elastic deformations in the nematic phase. (a) Sche-
matic of molecular orientation alignment; (b) Sche-

matic of the three types of elastic deformations.
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Fig.3 Schematic illustrations of topologically periodic orientation patterns based on alignment control and the assembled

liquid crystal devices. (a) Schematic of a +1 topological array substrate and the assembled liquid crystal cell;

(b) Schematic of a liquid crystal cell constructed using polymer strips and a rubbed alignment layer; (¢) Schematic

illustration of AFM-scratched patterned anchoring and the induced formation of topological defects; (d) Schematic

illustration of direct-written 2D topological pattern and L.C cell assembly.
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Fig.4 Schematic illustration of director-field defect con-
figurations in tilted domains of nematic liquid crys-
tals. (a) Vertical cross-section view; (b) Plane
view; (c¢) Director configuration outside the tilted
domain; (d) Director configuration inside the tilted
domain. Elongated rods denote nematic mesogens,
and the arrows in (b) indicate the in-plane projec-

tion direction of the director.

KL TAER A Jeroen Beeckman 25 A 3 T
RM S b FRARIR 5 W, BIF5E 1 8 /<0 500 T 2
JE 55 G - TH 4l A T P 2R AT I SRS
JEE Sk B o 38 Ao A O R ) R 42 Ak A B AR e



326 W5 Bos

%415

W RM SR b AT AT S84 R A B R IR
Sk U B — Ty ) HE B 4 S TR T A8 AN
S A R E I o 1 ST E v S B0
FEE T 1l Ry M A 2 A W i I 2 R (POMD)
TR EGH Y, I T MBEX—H%, fih
i1 & 37 1 B T Oseen-Frank # 7 3 it 55 Rapini-
Papoular 7 [ 4 22 A& (9 BIS Bl ik, 78 1 F A
TET R 7 AR LS AP b S Y SR PR TR R R G R
SR 3 AW AR 2 P 1 W 5 ) 1 3 O AR T 2R IR
ARG R A, LLUEW] 2 A0 il St I nY o 5
S o] U RS BB 1) 5 4 55 0 £ 43 A 1 S0

HA L T 1) B0 R TR A, 30T AR AT R R
B AR TR RS o ST AR R T
T 2R A A T XU Y 2 T E SR T R SR A5 R
1 1 B A5 4 ) % 3 % 00 A8 I B R AR R
AN BRAG 1) B AR VR I8 R AN G ok R 8 3 2 e B
oKl 100 A A T A 3 TGS M A e O
L e = [0 o 1 A ) = E2 SR TIR U =3
2RI 3% 5 il DL B SRy SR 1 A R S BRI
JI 5t B T B B A A A S ) P
M A R R AR B AR v il o e RS M BE 5 B
B REM LR AR N % R SR A AR fE
IR ) B WA Vi 250 55 Bk 5 A LA PR ) B T E 2
FT B 5(a) Brn S HA A 4k s ] il 2 0 B il
T A5 HE WG T A TR TR BT T P 1) L
FTH A B ) A A A B0 o T I B4R dn
P 5(b) BTz, 4l ik — 28 50 B0 00 HE 50 ) 28 780 ke s
JHC o BRI G50 5 i A 48 £ TR W ) 1 B 5 % BRI
8 110 2 AV 1) S TR TRT ) ]

(@ (©)
8CB

™ Glass

N —=——= [l

) — N

I T G50 B s R I o () A ot TR A I 5 (b)) vil
22 Hy CllE (R il 46 3R T A TR Kok
R A5 o

Fig.5 Schematic illustrations of defects in smectic liquid

Z
L

€5

crystals. (a) Focal conic domain with a toroidal
geometry; (b) Oily streak texture (blue and black
curves represent the molecular layering, and the

elongated rods denote liquid crystal molecules).
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Fig. 6 Schematic illustration of orientational control at the 5CB-water interface. (a) Planar anchoring of 5CB molecules in

the absence of surfactants; (b) Homeotropic configuration induced by the addition of surfactants.
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Fig.7 Schematic diagram of light-driven dynamic anchoring switching and defect generation at the 8Az3/water interface
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