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Stability of split-core configuration confined in
nematic liquid crystal droplets under submicron scale

LLIU Hong-en, WU Jin-bing, LIU Meng-fei , ZHOU Xuan, ZHANG Zhi-dong”
(Department of Applied Physics, Hebei University of Technology, Tianjin 300401,China)

Abstract: Based on LLandau-de Gennes theory, the stability of split-core configuration confined in ne-
matic liquid crystal droplets with submicron scale under homeotropic anchoring boundary condition is
investigated. Results show that there are radial and ring structures under the strong anchoring bound-
ary condition and single constant approximation. According to the difference of the radius, the two
structures will become stable respectively, i.e., the ring structure is stable when the radius is larger,
and the radial structure is stable when the radius is smaller. Under the condition of elastic anisotropy,
a stable ring structure and a metastable split-core structure will appear. Furthermore, the results
show that if the effect of £,, on the internal structure of the droplet is considered, when the boundary
anchoring condition is changed from strong anchoring to weak anchoring (take anchoring strength

w=10"J/m’ as an example) and under the single constant approximation, it is found that there
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would be three structures, i.e., radial structure, ring structure and uniform state structure, and the
radial structure is stable state, in addition, the stability among structures is not affected by the effect
of k£, ; under the condition of elastic anisotropy, the radial structure is transformed into the split-core
structure. And it is still metastable when the effect of £,, is not considered; if the effect of £, is con-
sidered, the split-core structure can be stable when the size and elastic anisotropy are within a certain

range. In our simulation, it is found that the effect of £,, can make the split-core structure become sta-

ble for the first time.

Key words: Landau-de Gennes theory; split-core configuration; elastic anisotropy; boundary

condition; effect of £,

1 7]

nu\‘

AR 22 He AR FH A T I R B S
)t e B Y4 BOR R (PDLO) R Ge
WA U Y ) 03 A AE RS W W 4, T A 1
B R GEAFEAR & (KBS 5 21 it fin 41 37 1
TRt (AR 1% o Bl R P BBt 20 T s T AN N
YERIE 7 a1 HE 51 L s 28 G 52 B3 AR S el e ]
DLIE M B B 4F i O 43 B S50 2= 8 1. — ok
Ui W b R0 PN B 0 4 HE A O 2R e O A 3R
1] BE 5 A (R BB AH EAE T B0 . % T ) 1) A
TR U R o ) S 5 RN B T 5T 2 AT X T
KRR A BL Ti 3T AF St X 5 /N RCSF 1
98 AW L PSR R, 6 T AR RO Y
WF5E, — Lo A BA A 45 T A A0 BEgE &
B, W A% 45 ¥ (bipolar structure) . 42 6] 45 4
(radial structure) J& & & (0 1 5 o DL A4 1 Fi
S5AE Horh XU 25 M 7 JUIOR L 2 LA oK L
THEAT LR E A AE. X TR A, RO
Schopohl 1 Sluckin % A" g B N 78 3Kk rpoao b
A —~ %5 11 [ 45 s Penzenstadler 46 A3 1 F
EOE A R A N TR N il S VA s < el (O )
+1/28L 4 3F (ring) 5 Bl J5 Sonnet %5 A 18 1 A5
I B AIE T Penzenstadler %6 A S5 AH . T 4F
K BEE B2 BN & . AR5 A5 A W
BT HE/INRGE . Gupta 8 ANTES2 5 RE S i &
HAEM 700 nm F| 8 pm By W HOET 5 Bac-
chiocchi 55 N — 2575 — F 91 A [6] 14 52 56 vp o] 45
HEAR M 50 nm F] 300 nm 19 S HGETT

Prishchepa & A 38 2 ol 48 31 54 45 4 Ce VR 1
B 2 A AP B 7 Ay T AR A 5 R BB Y A WL
WS #2378 AR 254, Gupta % N & 24

W GO BAR 3 pem BN E] 1 pem B XU S5 48
SRR S AL 1] 25 ¥ (pre-radial structure) , 4k 22
N AR LY 700 nm W, 28 R AR 1] 25 4
IR 2 TR B AR ) 2 REAE H]
FHXT 5, S5 50 B B0 £,y (saddle-splay) T 7E
55 R HTRE A 1R R AN SR BB 1Y AH B e A B &
AR S E . IR R YA FIE ko,
TiAE P, Bt RUST 0 328 0 sl /) o BRI 235 ) 2 o A
R sy g Rt S R A SUH il 25 84 (double-
twist structure) , Davidson 25 A\ & B T £, 384k
TR AT A5 20 S B0 3 8 1) 2k B U ol 3R R K Y
TP RS Zumer S5 N BT 45 R R W,
EEIC W T ko SRMETIER T2 L,
WCARKME X I3 koo A AN 20 5058 5E VR T S 12 G 1 20
T B JC 30 S 8 AR ko AT DURR A2 BKOE W
NS I HE ) R A5 , Lt 6 i ko, AR AT LR
oA RS EAE

Mkaddem &5 A" 7 2 1] 5 5 € 4% 1F 1 % 3
3 FAEAE) A5 ) 25 K | P 25 K R 43 B4 A% 5 4, T GF
T3 2% 45 H) (split-core structure) , F A J& LLE
RS RAFAE . An S8 " 20 ) 7 3 1] 58 4l o
1 545 8% A% -3 1 (mirror-homeotropic) 1 #
RN TR T MR A — 1 3 2% 450 . X
T R A OG0 B A5 B BIF 52 45 L Lk 0 2
DI AR L A7 03X A J2 AR SCHY H A A 5% 1)
B, 3T Landau-de Gennes B, A8 3C F M 55
B E S FAAE  8 B & Ry SRR T AE T
58 3 GIOK G RS 43 4% 254 A A 25 I A7 AE
L

2 JUATARAR

B 58 29 A BRIE S5 44 v /4 1) 1) AH BT 2 57



CHER]

X% 8L A < N BOK G 1] S AR BROE W b 0 2% 25 A R M R S 345

W1 R B ERIE AR, bl T30 1 R B A Bk
X ARPE  SCEA Rl X R L FRATTR AT A A
RIATERL M. BT (e, e 0e.) 50 H AR
PRART 3 AR, Hoh e, KRR I Iy Y
HRA, e AU FIMIEERE, He, —¢. X
e, o WA O ESCHBERTTFHRME R 5 e, I
e A HL A o i AR [ R AE - SF 1B $
e, TIMMIf., HARRT MK £ow
H:n :sinﬂcosazp + sin@sinaé} + cosfe . . TEBR
W s BT T BT R RO BN R L A
BE O Fla ¥ 5 ¢ T, BT AFRATR AT B AR M2
SR AT A A BIF 5 0F G R il 38 R A 35K A 1A 35 ) 9L
a3 RSN T 2 i I 3 30 1 v X Bl AR AR
A 2 WiES,

>0
®

oo

-,
1

o
(N I—
)

Bl BRRES R & A

Fig.1 Schematic diagram of spherical structure
3 #wrzk

31 FSHEKE Q EWNHESH P’

W B 5T B 7 — i Frank #ig 5
Landau-de Gennes i, Frank 4% HS X T4
TR VR % AR T A I s TR T A A R 1
4%, Landau-de Gennes ¢ BE - 7 T # R &
I3 F B RS S 1 SCRE W A XU ok B A ik
BB RS BT LA SCIE B Landau-de Gennes #f
WA . EEMAR D FSBKE Q ATLISR
R

3
QZEA,2,®E, ) (1)
i=1

Hos a, e, 43 5RERF SOk Q 15 A
EELANAAE 5, FErh 2, 9 IRV B ol (— 1/3.

2/3) o — A BLRE 3 A AL AR F i KA A E fF X
LA AAE R RE R A 1) 2% 5 G B AN i 2R 4 7 1) BJD
A AR ) R A 5 18]

PSR Q MRk B R Q; =
Qi » Q= 0. W in RGALT 4 [ [FVEMIRS .Q =0,
BEIE 3 DNAAEAEHR S 0.3 & 70 74k T8 2R
. HBBARGE T AW AMAELHEFHAET 0
LR R G A, R E S 80Kk E Q &
IR :

Q:S[Z@)E—%I] . (2)
Hor .S FoR 10 51 AR 3l T S 80, n A 1)

X1 ARRBALK A, FEAR AR R A, (2D B AR E
EAER N

Qp Qu Qe
0=|Q, Q. Q. |=
Q., Q. Q.

1
n,,npfg n,n, n,n.
S 1
nyn, nyn, ? nen.
1
n.n, n.n, nn*;

(3
BT 2 H0kE Q M XFFR ok ik &, B DL A7
EREQ,=Q, »Q.=Q., -Q,.=Q., -Q, +
Qe + Q.. =0. HFZHGKE Q 1Y 3 MAM(EE
ASHHAE I, I B A R G TR A . A LU
PESH B AU
2 6 [tr(@*)]"
F T e
XS E 7 MG R [0,1], 2 87 = 0
I, RGAL THHIE, Y p° = 1 i RERA R KM
X E, TR r(Q°) = 3detQ .24 B2 = 1. %f
N detQ = 0,3k R IR & R Ge A S KBRS
P28k E Q M 3 MAIEEZ DA —1R 0,
32 44 % TH Landau-de Gennes i
JeAM s AE R WA &R S8 P Landau-de
Gennes BB S HHAEHEE RN .
F@Q)=Fyu + Fauic - (5
Horr, Fhmki‘jﬁﬁi A ﬁE%EaFdamcﬁgﬁ'@ HH
BB RE . X TAK Al REH B F s H HAROT
SRR Q I AU AL AR R (4 B I, BARTE
KERN

4



346 W5 B

836 %

Fyun :%Ater - %BtrQ3 + %C (trQ*)

6)
Hp A=A (T—T") Ay, B . C ¥R
HMEH B AW, T NERMEEAEE. S,
HRE T AHX, EWRSRGE T, 05054 1m0 [F
PR ) A TR R Ry A AR IR E SO T s 24 1R
JE T>T B F S B AR P 2480 S=0, L)
Wil ARG T 25 WA Y REWRE T<Tw.
g4 202 A (6) 1] LATS 2P 45 T 1Y S A

" B )
FET sa,—w[w /1—2?@)0 AT

FrgAH, B S. S,
F aic R U I] 2 60 8 249 5 51 5E B9 50 A

Hor, by B S0ME W B R 6 Ericksen'™ |
Beris fl Edwards ™ 48 A M8 H 19 56 T Frank Big
F S A s e oo oo WG A IR 5%

k]] 0, /392/ 9]3{320 ’ (9
7}\’22<k24< mll’l(z}’]lisz)v k‘)z) (10)
Kralj 58 A X] W dh & 48 #F 47 G & 9 1k &b

IEELZG’ a%li‘j qo :Seq (T
HE T FHFESE0.
A Q, = Qu/q0(ir j=p» $» )X fo=
B'/ (4C)° JEH f EEXARIKRRERE F ot 1T

LA F e = F o/ fo - AR IO AE B th fiE %
JERRN

):B/4C Ch o 2o 4
Lhqo X7 2 800K it

o B BE R T S B Q 1 2 il s Ak % . O
H#E Q KSR — wﬁ,m AR N Frae=1,00" — Q" +

VO A - - .
E(Qip +Q%, + QL +2Q% +2Q% +2Q%) —

1 NZ 2 __
16 (tr@°) " =

1
Fclasnc:?I‘l(vQ 14 (V Q) (V ° Q>+

LV - [(VQ)0—Qdiv0], %
L, 5 Frank B¢ b iy i iy 80k 5 50 £, AL o
‘fiﬁﬁ ks %Hﬂ?ﬁ‘f’f{ﬁﬁ k3 Zl‘ﬁlﬁﬁ%

L1Q,Q, +(@),Q, + ©).Q. +

2009,,Q,, +2(09,.Q,. +2(0°),.Q,. ]+

ES TR L
I 73;{22 7}‘711 +k33 E(Qi‘” _'_chgo +Q£: + ZQf,g; + ZQ(%; + ZQi:)Z .
6S.,’ (1D
ki — ko
L,= 2 . (8)
S FIAMTRKE ¢ = EE?’WCJK i,
ko
L21: ‘_9 - - N o6 e N
Se” =z/&, p=p/& . AIFIHMERRREREN:

- Q). (9Q\E  (3Q.N\E (9Q. ) (IQ.):  (9Q.)? Q.2 (9Q.)*
Fop — 1{(%) +[Qj’”’j +[Qf’) +(Qi”] +( @ j +[ C{) +2[[Qj’*j +(ij }+
2\ ap PIs % PIS % PIS p PIS

Q)" (9Q,.) Q. (0Q. N\, 2 -, - - = ~ -
2[[9’“] +[ij }+2HQ§’J +[ Qj‘j }t<Q;p+Qi¢+4Q;¢+Q,:1+Qiz—2@w@w>}+
% P % 9z o’

L Lof(9Q | Qe | Qu—Qu)', (Mu | 9Q.  Q Q. 9. Q)L

2 L, 9p dz o 9(0 dz o 9(0 dz o
Lu(2(s 9Q Q,, 2Q Q,, 2Q,, 2Q, - 9Q

i = {N[QW fp +Qf j(r _QH - _4QW Ny T Wy j Qsa . _Qﬁz j +
2 L, P Jo do 9{0 dp Jdo Jdo Jdo
Q| 9Qu Q. 9Qu 9Qu Q. 9Qu , Qs , Q. Q. Q. Q.
5)[5 95 95 9‘5 9{5 F)(o dz dz dz dz dz dz



%3 X% 8L A < N BOK G 1] S AR BROE W b 0 2% 25 A R M R S 347

0, " g " g
¢ 9% = P oz 9z

. 9Q, Q,.

Q. - 0Q,. - 2Q

—Q, —— —2Q, — —Q |+
2 P o P oo 92

9 9sz anp _‘_an; antf +9Q:; an
dp Iz dp Az dp Iz

FIF 5K & Q JC il kb B A1z bR 1Y 249 AR 4 15
B SF-f 25 ( BR B FE, EREABAR R N N

JF 9 OF 1 oF 9 IF

S - = — = =0.
aQij (’][o ‘7Qij.; © ‘9Qij.; Iz aQij.ZJ
(13)

AL fﬁtﬂﬁ%ﬁfﬁﬂlj J?ﬁ’%éﬂ{éEQmEﬂ‘lﬁit

4 BRI, 20 5E D U6 2% A1 I R A 21 G B 1] 38 AL fY)
PSR S IR R

aQ7 7&
5;—F[5Q]v (14)
Her.=6D"/[1—3tr(Q°)]°- D" HAELHW
P B RR, AR B T RN

Q . IF 9 aF 1 aF 9 IF
e — T,

P(’]Qlj,z az(’)sz.S
(15
Hp.I'=T X (Bq,), 8] 5 A~ Ak 3 Jy 3

aéij (7; (’)éij,;

~ 1N

F, = =y 5{2Q§p+ ZQZQ + ZQPPQ% + Zanp + ZQ

2Q%. +2Q7.

BRI PUR O LR P

IF . IF
- + _O ’
Q, a(ac:z j

dz,

19

LA R TN

JaF, IF
- +S — Vk:O’

aéq aQij
Jd| —=<
dx,

Xt T BRI B AT AR 7R

(20)

L 9Q, Q.. 9Q,. Q..
dp Iz dp Az =z )|’

i,

33 BRFHRSHER
BREAFAESN G IAE T A R G034

FLAEAT 2208 IR 20 B HES J5 50 AR Y

Wi o AR SO 2475 JE R b Bl 1 555 i 5 140 5155 O

P L 24 i 2% 5 L P 35 38
F,,=%w\tr Q—0,)°, (16)

Horb @, S 22T 5y B 1) 1y 2 805K 4 A i 1 5

36 1] K 1Y 25 E) A2 AR FAR AT RORh
Qe Qi Qe

0.=|Qy Qi Q| > an
Qi Qup Q.

Rk Q, W & X Fr G i 4 . w, & Landau-de
Gennes BS RO 2 8 Y , 5 Frank BRI A A0 4 2 o

Ewﬁﬁ%%muzww”oﬁA%wi&A:

o FTLLF, Z4L)5 A

+ Zégza: + 2&?;}/} + 262%%5 + Zé-‘PPé"‘P‘f + Zéiw +

—202Q,,Qy + 2QuQuy + Qu Qe + QuuQup + 2Q, Qo+ 2Q,. Qe + 2Q,. Q)

(18)
IF. IF oF
— +£ —v, +§ —v,. =0,
20 20 20..
Qlj (’]( QNUJ (7( (?:]j
(7[0 aZ
2D

Hrp:U2D RAEHLIER NE HWRBEE L,
v, v, 0l BIEIMELR o /i fl 2 40t

AR SR AL 3o R ek BTV A RE 5CBE Y
BINERA,=0.195%X10° J/m* K, B=7.155 X
10° J/m*,C=8.82X10° J/m*, D" = 0.35 m” *
N s L B ARAHTRKEE €05 2.64 nm, 0161



348 VAT B R TV % 36 %
BV A =2/3, I SR H - 0.8; ®)
S=t=S./qo=14+1—A ~1.577, ¥EkE ]

BIERN w—10 ' /m’ AR MREEE Y 04 o
—~ : —_— :
w. —0.082, £ o &
o0
m 0.04
4 ZR5% 021
-O_A C— -

TE AR SO B A 405 2 o o6 2k R R T 5
R 23 190 2, 45 T A M 2 I K SE A ZE L B
B 0 BB 65 A 5 CR AR K E
64K = J7 1A B R 120 A% A, 4 03 1] B 5
BRI 2 A2 S B K AT AE B oh =1 /64
r R AR /N, BB R R R R R
A AR A —=2/3).,
11 BHEETER GRS REEN

B S R A5 Al B % 1) S P LR
S 5 22 Y A5 A A 9 16D 2 5 4 B R
AR BRI 9 24 3 SR 4 R Bl T 2
O 5 B 4% ) S R B R R R
KRR T FRAIGY BRLE ) I . KR4 Mkaddem
At \ Sk T e 1) 28 480 P S e B RS AR 9 1 R
Gl B BT (0L L VL3 2 I 74
S Y L 16 5 4 0 FR EH L I 2t 7E RSE AR /N
AP TEAR I G5B AR L 43 BRI~ =506 =

(a) r=50& L/L,=0]"

W

130 ~

80

50
401

0
20

10 i

O-I ¥ T L] T K T v T X T ¥ T ¥ 1

0 10 20 30 40 50 60 70
p/h

Ca) 210 £ 44 4 1) < 12

(a) Profiles of the director of the radial configuration

(b) HAIER AT o BHAIAIESS , Horb 2, = 25

(b)Eigenvalues at the center along p axiss A, = A;.

130,
120
110
100
90
80
70

€ 60
50
40

04

201

10

oOtr——F—7—"7—7T—7—1—
0 10 20 30 40 50 60 70
p/h
(o) FREEHHE 7] K &

(c) Profiles of the director of the ring configuration

081 @

0.6

0.4+

0.2

Eigenvalue

0.0

-0.24

0.4

() whEER AUy o Y AR E
(d) Eigenvalues at the center along p axis
&2 242K 50& A2 [0 45 1 5 PR 45 F 45 1) 2k 1
Fig.2 Profiles of the director of the radial configuration and

the ring configuration when the radius is equal to 50&



CHER]

X% 8L A < N BOK G 1] S AR BROE W b 0 2% 25 A R M R S 349

1506 MV HEAT RIS . 76 58 Al L B — & 00 o)
T S BB PN A T 2 A L AR ) 2 R N ER 2
. 2 Mk 1 R, Y4 - =508 B, XTI
RE L & ILAR ) 25 0 O fig i e RS .

x1 BEETEEEHMESREHMNEEITLE
Tab.1 Difference of energy between the radial structure

and the ring structure under strong anchoring

WA - = 506 L,/L,=0
12 ) 25 44 —1.921 187 2X 107 %]

BZ8 —1.920 585 2X 107 %]

Bl 2Ca) (o) Ry BRI Y 48 ] %R A i
6 5] Bl AR 2 B 1 60 B o A, W] LU AR 1 A5
BB AL T Bk o Ak . BB 2 (h) J& R R 4T o
B AAEAE &, Hocs b S 2% 1) [R) Pk L i 3 A
fEE AR R H A 0. ¥ 45 # &% 52 #% Penzenstadler
Al Trebin 25 A, & 2(d) 2 )35 501 o 4
(A AIE AR T8 I I B e B o7 8 B vl 2 O 166,
MR r=150& B, X FLBE I L PR 4 by B i f X
AL LA, Y <1006 B AR S5 R R FA
Br=1008 B, L5 RS, YRR R BN
BF, FUFE A AR ) 45 4 T B0 45 0 R PR AR E L L 25 8
5 Mkaddem %5 A R9458—3K.

e RN SE T Al 2 b e
A5 ) G5 AL R S5 A8 A 25 #0284k . BEHUINEAR R
;=506 (132 nm).r =606 (158 nm).r =70&
(185 nm) HATHISE . FA2HN r=506.L, /L, =
L7 I By ko =1.85 B, 42 1) 45 0 K P58 2 77
TE S M JE 4 728 R o3 PR G50 NI BE A ko B3R
T i R 0 T R A R i R AR T AR AR T 45 4 T R
HOE AR 5 32 0, B LA G B ) &5 0 R PR
SEAFAE . 6 LM ) S50k & ik B o R 4
R SO AR BT IE R, R 4E An BN DL K
Mkaddem 55 A (8 0F 52 « 75 58 5 7€ L B — 5 B0 oL
HR B AR A B0 L 43 2R S5 4 W] LUAEAE 5
RO AR IR AT & T R
SV 45 1) S M I ) 24 A 5 R R LLAE AR L R FE M
[ 25 Nt kBT 30 45 K, X LE RE it 38 45 0
e R ILA. W 3 (b FER r=506.1L,/
Ly =1.7 (5 2% 25 K9 48 0] % B FTE = Bl A&
EE . R PE Mkaddem %5 A X} 43 24 4% 25 4 1)
FEAEFE A H 9 38 A7 78 — 55 5 50 1 U X ki 40

A7 04 1) 85 2 HL PR S it a5 Ry 2% ) [R) M R T e fE]
ok U S ECR A . R 3(b) iR . fEx=
64 Fl 2 =668 4b .3 DAIE(EAAE HH 0, A itk
TEFRATIRE A5 3] 1 43 24 4% 25 0 v, 9 1 )
K 26,

(@) r=50¢ L/L=17| 7

0 T
0 10 20 30 40 50 60 7
p/h

() 7R 18 17 K A

(a) Profiles of the director of the split-core configuration

%] ()
0.6+
\‘\ ll
0.4 \ / A
o A f A
% 0.2 \% ‘1“ 0.044
g \ / 0,021
5 / 0.00
= 0.0 -0,021
; W 004
oooel_____
-0.2 —“———//_.-’ \ﬂ 687072
0.4 . i : : . .
0 20 40 60 80 100 120
p/h

() L Rl B A AE A e 2, =2,
(b)Eigenvalues at the center axis, A, =2;.
Bl 3 P42k 50€ B AL A
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Tab.2 Difference of energy between the split-core structure and the ring structure at different radius under

strong anchoring
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Tab.3 Difference of energy among three configurations under the isotropic elastic and weak anchoring mechanism
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Tab.4 Difference of energy among different configurations under the elastic anisotropy and weak anchoring mechanism,
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