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Abstract

Based on the Landau-de Gennes theory, using a two-dimensional finite-difference iterative me-
thod, a cylinder-inscribed-sphere (CIS) nematic liquid crystal (NLC) system with +1 boojum under
nanoscale was established. The structural transition of +1 boojum defect induced by the anchoring
conditions on the spherical interface was firstly studied. Then, by comparing with the structural
transition process of +1 boojum defect in the cylindrical liquid crystal cell, we studied the effect of
spherical surface on the structural transition of +1 boojum defect. Results show that, the structure
of +1 boojum will shrink and system will not reach the order reconstruction (OR) state. This phe-
nomenon is mainly due to the geometry of spherical interface. Furthermore, the result is irrele-
vant to the anchoring conditions (weak or strong) on the boundary.
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1. 5|8

Wi (liquid crystals, LCs) 1 I #R FMERRE A2 — Tl WHIAL RS o 5 S5l R ZI A S R, GR P T AR 48
TR 53 R EE A s = £1 () SR RIS E R s = £1/2 BIZERBA[ 1] X TR T/ AN —ME R &40, &
TS I RS — B HOR B [2], (BB SR B S ANA 0.4, 4 T BRI SR R L4 He-A,
PHETASI RGER MAFAE — L5 i8R, B boojum BRIEA(2] [3]. [FAIRE, 1E—NFAA TEELL S A K10 S AR
AR T, RGBTSR, SIS — M A G (hedgehogs) [4] [5]. SRTMT, MR AL 5 v
BETEIS, IR T T2 R A R A R s AR 2 PR AS RUBRBF (boojums) 7ETHOR IR AR 2] -

Karlj F1 Rosso £ \[6] [7]ia ] Landau-de Gennes FLi£[8], WF L T — AN E+1 SR H Rl FR BAE R
B ARG, b EEAR G D R 0 i I T B R 8 R ) LA T, IR IR JLART R ) RN R S A A b
BRI F H—A boojum HREFE. FREI &AL HPIKES, FRIZFEHIELEE 25 FH8TE boojum (fingered
boojum). BfiJi, Xiaoyu Jiang 25 \[9][F##i2 A Landau-de Gennes HLifFl 445 B 240 AE[ 1017 T
— M1 BRI K BRI 5 IR A HES 1 5 A (DHAN)R A, b 3R 25 531 Ay 5 ) = L 86 5 AR 5t ) %
HHE . BRI &7 TR A0S — 4 boojum BFE, X T1%—1 boojum HFE, HIgFIKNAA
HA RO RRYE, AR FSUR A 73 A7 B AT O RRE o 4900 A PR S 2 ek B R 8 /N (~20 nm), X PR FR IR &G &
N 21855 A 7 E M (order reconstruction, OR)IL %, BEIAME{ER#. HF EMAMEEZ IS & IX
H1 Schopohl A1 Sluckin 7 s = £1/2 B R4S TR R 11]. ASAEAR A # BV AN AT 1EAS$5 18] % 1 Sl A AE
AN ) ELAHAC e, TR AAEE AR R 5, (BARGEERE R B S, HAFE — RIS T
ANREIES . BESS, RS S R B 5[ 12] [13] [14] [15 SN Tkt . Horr, BRI ESE N TR0
FUELE Pa AR VR ) F A AR N R I, AR RN B ERVNEIZ) 27.4 nm B, RGHBES
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NP EML, BREREASH:, 1w SO & B G S8R 15].

T 005 BT 10 VR R A RSV, DRI, Y m R BR R M A DU L A 5 P % 1) S P A B AR
[16], JFHXLERGH— A BERAE R BA R INRFE[17]. 2B A 93 AU E B BRI AR 7 B R
I, — %R R boojum Bk [ 23 H AL AR - AH S AT [18] [19] [20]. 111: Tasinkevychp [16]55 A
WEFL T — A LR U] () 4 8 ARRAE R B R 7, T8I SO A 8 B . IR AR AR, e T =
FRZE AL boojum SREFAIZ O (BAZ L SUAZ ORI B0 2 RIS AR . 27 b, BIRETE IS RG-S
TR R A4 _E 1) boojum BREFA 73 AIAFAE—E IR FL, (REAH ZHBRREKRK. ARCIEEH+] boojum HRH
0 A T AR e O At b, o b R E P T S A Al OIR () Ml TR, 57— AN +1 boojum R
(I RE VIR R 48, B F0IZ R G0 boojum BRFE I 45 F4 45

A2 A Landau-de Gennes PR —4EH R 22 70 1EARTE[10], B 5T T — A BB i RR 4 A 98 K % R A
PIDIER ) FIAH R s 2R Gt 3 I SO AR DR/ INFI BRI ST 32 R 5%, SR ALER+1 boojum R P fr) 45 44 i A%
s R 5 R 26 AT (AT 1) Z1AH 9 5 19 boojum SR Pé 45 R AT LA, SRATE 72 BRI ST X+ 1
boojum i 45 14 AR (1 52 .

2. JLEHR

FE AN F0S PR D 1B A T 1) 90 R A e RO Rt G R e P T AR A B D9 2 BOIR FD a THDRE A
NIEMRIEAE . W ()R, HRFEABRFEAAEN R, B &EER Y d, bR RO R
Nh(h=d-R), FAHCZBRFA BN VIERES R . BT 2B N UIERIB S G A B, BT A ST
WIEHL p-z ~F T — R U R SR 70 T I HES B L o an &l 1(0)BTR, Wd 7> T8 ERSORERIEHES ], 72T
Bt TIHES, ST RARE AN EE AR A B BRI S5 . 2 b T R AR IS 1 D SR8 5 D o R B R
SAEBRTE A1 0 b5 3 — AN+ boojum BRFE . 41 1 (o) Fram A T R SR e B, O B
BB AR 7y IR RS, 7R T AR AR . Oy 7 AL EEAL(D) s ()R Hi+1 boojum R 45 44) F) e
AR, B 1(b) P E abed #RIH, 1 1(c) L a'b'c'd” B REAT T .

RAEAIR R (p,0,2) RESLMEAL, HHPHENIEN (e,.e,.e. ) He, IFETT, e, HxTHRE
i, Hfe,=e xe, . fEHAIRRT, ?E‘rﬂ?iﬁfu:’ﬁ'ﬁfcn=(np,n¢,nz):(sianosa,cosGsina,cosH) ;

T
hoo

o i d 1 &

~ = R 0 R R 0 R
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Figure 1. Geometric model of the LC cell. (a) CIS model in three-dimensional space; (b) Distribution of LC molecules at the
spherical interface and lower substrates in p-z plane within CIS model; (c) Distribution of LC molecules at the upper and
lower substrates in p-z plane within cylinder model

E 1. REENLTEE, (=4#=EhHEFATIEKER; OZERERYIKRRE p- FEA, RES FEKER
HEMTEREHIWIERL; (OEEFEERE p- FERN, BESFELTERLHSWIER
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3. BigH&

HRHE Landau-de Gennes #i&, HFZHKE Q RIMR R &/ T2 =4E =8 T B FREE, O 1E 34
ZHHREA N 21]

0- 2/1 ®e, (1)
Hrb, 4 fle, 73508 O 5 i DAMEEAMAER . P ZHGKE Q AR N, WL rQ=0, 0,=0,-
MAGAET BN, O KEARIEEPEPINRMER, FSEKE Q TURRA
Q:S(n@n—%]} @
Hop SR EFZEL n A& THRITRIRR, 1RRPNKE. HFSH0KE 0 =D AMEE A S
I, RGAET RS . BUVE NI IS4 g7 ke, p7 IRIRUN[22]
o[r(@)]
[#(0)]
HBETERED[0,1] . 2 47 =00, RGEAT R 262 =11, RGHARKIIE.
3.1. BHEERE
W RSB TCAM NI E T, Landau-de Gennes ¥t 1454 I HHRE 25 5 37~ N [6]

F(Q) = IV (fbulk + f;lastic )dV + _L f;urfaceds (4)
Hop fia DRMIBT 20K E O KAMKE R &, HEARRRIE N

p=1- 3

A , B 5 C, v
mfgw—?@+ﬂw) (3)

Sool A BIRAE TR, AN A= 4, (T-T7), T°NRAGAIRE, 4, BFC MBI &,

%ﬁﬁﬁﬁ,%Tﬂhﬁ,%:0,%%%$%ﬁ@ﬁﬁ;%Tdhﬁ,%zﬁ{ul—MMq,%

B2
G TS A . SEPE B AR R [ A2 BT RO IR P AN 2 SRR, IF HIR Ky Z 406K E 0

P . 2 J B O R kI, W ERiA 0N [23] [24]
1 1 1
felasnc = ELlQi/,ng/,k +ELzQij,_;Qik,k +EL3Q1in/,lQ[j,k (6)

o, REL SREM(K,), (K, (K, HEEEA R N7 RE, ASCRH S5 H0a,
¥ Frank BIEH =AM HHOEMN K, BV K, =K, =K,, =K, WHBL=1 =K/28*, W#HHAE
HERRIE AT LA

1
felasﬁc = ELngj,ng‘j,k (7

3.2. W REH
W] 5 2 TR O AR P 8 0 R R vl a7 230k & Q N e 5 FE R W, SRAt IR o S 10D SR A 1R R 40 AT
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SRR I R b RS, T RE AR I AR B B A R R R By, RISk TR
BRI TR E A SRS . f, FoRRI A HREH E[25], HREAN

ﬂ=%Wm(Q—QY ®)
S, W= )s, SRR REL T W R Frank BPEEICAENN, 0 WIEHL L SIATAN S
Bk E[26].
GBI T
o, o
8Q aQﬁ’k +ﬂ.05 =0 9)

Horlr, v, R BT R AN 0 1 R
3.3. TEML

B Karlj 25 A (6] Hh i1y 204k J7 ¥ 0k 5 G5 i 47 6 AL A0 38, 51N BUF B B 44K 5 50
f=@/844c3,g2=QM%wr?:W¢%Bé,ﬁ=pM,¢=¢kﬂﬂ2=4é,ﬁ¢qm=s(fﬂ=BMc

R IRIE TR S8, &=L [Bq, =JACL B> RMFIMA TR, kLKL, WAk
RIS 1 e R
Foa == trQ ——trQ +o (trQ )
5[0 0 +(07),, O (10)
+(0%).0.+2(0°) 0,,+2(0°) O, +2Q
1 A2 2 2 2
+ﬂggw+4%¢+gn+2gw+zgm+2QW)
Hof, A=244C/ B RAMRIE . Y00JEHBYEE mAEEE R,

_ﬁ Qpp +QW +0% +2pr +2Q22 +2Q~22) (Q )
(0%),.0

6]

elasuc =5 |V Q|

1| ~ ~ ~ ~ ~ ~
= E|:Qpp”5 + Qi)p,f +Qg20go,[) + Q;(p,f + Qiz,ﬁ + Qiz,f (1 1)
+2(Qp(pp+Qp(p )+2(Q~iz,[)+Q22,5)+2(Q;z,ﬁ+Q~;z,f)

2 A2 ~2 ~2 =
+F(wa +Q420¢ +4Qp¢' +sz +Q¢>z _ZQPPQ(P(P )}

Y JE 1092 T B 5 R 19
f=5WadQ 0.)
:le[Qpp +02, + 0% +20% +20° +20),
+ QSPP + Qs(p(p + Qszz + 2Qsp(p + ZQspz + 2ngoz
-2(02,02, + 02,02, + 0202 +20,0%,, +20°.0%,. +20..0%,.) |

WU 230 i P 55 8 R 3 5 2 A

(12)
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o .
) f@Q,.,,,; o+ Ay =0 (13)
3.4. NHFEKRR
SEF 2R A [10] [27), WIEF SHKE O H93h 1% TR A
a—Q:F|:—g+ltr[ﬁJl} (14)
ot 600 3 60
st RH =60 [1-30r(Q*)] . D' RIFUK I T BRHL R RIET A
Y f[ 5f r[él)l} (15)
ot a23 50
Ho P =Tx(Bg,) - BRHRESEAGE10], ¥ ERE M L
5 » __ql o 5f
[0+ 80)- 0] e = r{ Ut [59” 6
oo,
Sf_of @ 8f 1.6f o 5f (17)
50 60, p50,, P60, 50,
4. BUEER

TP SR F W& MR SCB 28] [29], S AN EMBM AN 4,=0195x10°)/m’ K ,
B=7.155x10°J/m*, C=8.82x10°J/m*, L =10.125x10"2N . LA/ EATKIE EZN 2.64 nm. £
IR BE BN A=2/3 , AR AR BT B HEUE N S=1+1- A~ 1577, BT AL D &N
035m>-N"'-s" [27]. fEHUATHES, ATREENEE d =408 A%, B2 r WPIERL0E, W ETR
HRO IR N h=d —r , BEELAIE r FIBIK, B IZHTRD .

4.1. BEEDFFY

TEERTE S AN T AR 35 A s il e i) A A DBk S &b, WA 7 18 R ISR EE T HES), 78 IRt
TS 4 RRBE TR, SEBRIE AT 0L S H—4+1 boojum BRFF . T 261281 KM &b &
A%, WS boojum BRI 1) 256 AR R . Bl S, T8I S5 R T 2% PR R IR TR A o 42 PR 5 ) e A i
FEBEAT ELEL, WEAERIE SR+ boojum SRIGSS AL FEN . 5, XS T ZHOKE O FEXTFRE
r=0MRIARMEE I, KWL boojum HRFE 45 A4 Hig A B AR LA L

Vel 2 SATE BIAE 9 D ERTB A S Tﬁ¥%?%ﬁ%%ﬁimﬂm@mﬂ%Mﬂ%ﬁ%%mﬁEo@
2@, Mr=10& B, EHRERME EFFH T — MR+ boojum BREALEH, HAh XI5 9 A
AREE AR, BRORSI BRI+ boojum SRIGEEIIZMIAL K. PRI KE] 278 (4 2(b)IF, RGEHIXH
PSSR IR R AEABA, B T+1 boojum BRFEANE I T —/NMERFAIR . SR AR, Wl 2(c)FIE 2(d)
FE7R,  SRBEFR IRV AE K, I fa SR A PR AE BRE S IH A) B4 Hi.

ﬁTEﬁ%%%ﬁ%ﬁﬁﬁbmmn%% SR AR, NI FL LA R AR, h AEE R EAY
IFi) 1A d L boojum SRR S5 H4 (AR RE o O 1 O AR REAT XS B AT, AR b AR ) e SR
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Figure 2. Biaxiality profiles of partial enlargement of +1 boojum defect in CIS LC cell. (a) r=10&,h=30¢; (b)
r=275h=13&;(c) r=30&,h=10&;(d) r=37&h=3¢&

E 2. BHEAYVIEKRERES, +1 boojum ERFEEINEMEFBEMAE. (a) r=105,h=305; (b) r=275h=13&; (¢
r=305,h=10&; (d) r=37&,h=3¢&

RS B 9 DRV A A (R B 25, B R BRSO BRI B T e, B AR R i VR T8 7 o

B, TEr=10&,h=30& BB TR T 76 B3R T 040 5 H— 4 boojum BRFE4M, HT K
mmEE R B NERE T HRFEME 3), X5E 2@MEEERANER. Hr=275h=13& (&l 3(b)
i, FEREAE RS ST FH 7 —+1 boojum SRFAF—NERFEIEN . 5E 2(b) A, BEFTEMR AN TGS
Hi ) boojum # FE FIER FEIR XU PEESAERT LR . 2 r =308, h=10& (B 3(c)iF, BT EIE T 5[15]% 1
S EARE R, FMTER S &N RAE T AP EWILE, 10 7E B A YTERIR & & R BhBEER 1)
WUHPEAS Ko GREE KA, WNER, M r=37& h=3E 1, WK 3R, BT ERELE/ NIRRT
bn i N R A P R, AR R BRI S & IR KA PR, R A IR DU 1 AR 15 5 K B
WA BRI A A B8 2(d)). i eI, R e AT, BT EIE A IR, boojum
SRR ZE AR /N HA A IS 2
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Figure 3. Biaxiality profiles about the structural transition of the +1 boojum in the cylindrical LC cell with the increases of
radius and decreases of the cell gap. (a) r=10&,7=30&; (b) r=275,h=13&;(c) r=30&,h=10&;(d) r=375,h=3¢
E 3. £Zaf+ BRENEHEERRER, BEFEEMNIEXMEERRE/, AR+ boojum FRFEAVEETITIE.
(@) r=10&,h=30&;(b) r=275,h=13&;(c) r=30&h=10&;(d) r=375,h=3¢&

MARGIE T TSR, EXFREH - =0 4L, boojum oAb R P S HCRENZS, FAR A — % A [F) 1
B, XA EFR TR (finger tip) [6] [7]: WSE MR =0 [T, Tk‘/'\—l:ifufﬁ@aaﬂ\¥l?£f‘%ﬁ$iﬂﬂ*
NTHE PSR E O TEXTFREH » = 0 FIAEE R € boojum SRR IR E: F)5, Eid
BHRARAL B AR BLOR R AEBRTE FLH T boojum Bl R 45 14 (1 521 o

K 4(a) M 4(0) 3 DR T, B A TIERB S S MBS &, r=278h=13E1, FS3EGKE
O TEXTFREN 7 = 0 AERIAAEAE K, Forh = ASAAEE A AZ K177 R I (finger tip) TEIIGLE (¢, =¢, =¢;) -
MBI AT LU t, 7R s e MR e 73 740 T IEFP S HUA RS (¢, >0> g, =¢,) » ﬁ’ﬁftmﬂlmﬁ uorr
WeT 507 ZHEEHES (¢, =g, > 0> q3) « XFTHEE 4()F1E 4(b), FATRILE (@) 48 I B AL B B SEIT BRI 5
. BEERJEIIEAR, PFR SRR RO E 2O — NI E s, wE 4R, [FINTEMH
A& T, FA: N UIERE S & boojum B 45 R Fia A IR A7 B B SEIT BRI FLIH o 38 5 1% Ak I S b W] DASRAE
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! . |
| 1
-0-4 T T T T T T -0-4 T Ll 1 T T T T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
2§ 2§
—=— cylindrical NLCcell
. —e— cylinder-inscribed sphere NLC cell
30{©)
25+
20+
B
D 15
104
5
0 T T T T T T

5 10 15 20 25 30

Figure 4. Profiles about the eigenvalue configurations of the order parameter tensor Q at the symmetry axis » =0 when
r=27&,h=13¢ . (a) Eigenvalue profiles within the CIS LC cell; (b) Eigenvalue profiles within the cylindrical LC cell. (c)
Comparison of the positions of the fingertips in the +1 boojum defect structure in the LC cells of the two models with dif-
ferent cell gaps

B 4. r=27& h=13¢ FRIFSHEKE O FEXTHRE » = 0 A ARIEERE. (BEERYIEGERE; b)BEERK
REFREET, XEMHREFREEAN+ boojum FRFELEM ISR ERIXTELE

mE; (o)

t, BRI S ) 5200 5 2L boojum Bl B 25 A4 ik /) o

L LR, FERE A VIR G, SERIE S SO R E AR, BUNME AR R SAERRE
FUHE RO ALE S H — AN ET+1 boojum BRI, TR RS ENAMIESHE T — boojum HtFE, HT
mn AR BUINE R AR T A R B AR B R, R B A DIER AR & N, B T BT AEH_E+1 boojum
R AN, b HBLERREEE, HERFEIA VR Sl by 8. MRS &Y, &R

Ry GBS, B A FREMIREA, RAFE— boojum SRIHE; IRIGIEEE K42, SHBl—4
BREEIN, WA r2308,h<10& I, WA I FGIE[15], ShEAP 2 A R BT 1A 7 B4

4.2. FMEIDFEH

AFTE TR S 99 8 E L TSR AFI . +1 boojum SRS S5 M B AR NS DL . AR SCHR(7]h R A,
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boojum BRI H LT LRI E R, DI, ATl E e I E VA ORI EUE . H e, WOE I E
SREERBW =1x107 J/m? , LMLJE S E R RO, =0.82 o B AAEA A2 F+1 boojum B 1)
R B SR BB TBOR B (] 5(a), [ 5(0)FIFEXT FR D 7 = 0 AL AU ASTEAE BI(] 5(c), ¥ 5(d)) R MBS df B A +1
boojum R LR ARSI . e I S A (R 9548 8 251 T R T B A ) boojum SRR 1) 45 R AR
TFEEAT HOA, SRR TT 558 58 261 BRI LT X +1 boojum BB 45 14 T AR 1521

4 B A N DB B4R =108 B, & S(a) s, BT PAREVIRIRE, SECERRIE SO
Ab 5T H —MEFER I boojum BRRG, I W8 22 6 R IIFE R FREl 7 = 0 AL B ASTEAE B (¥ 5(c))nT &, FEXT
R FR T BA T IEFSHCRA, HRA IR G T SEAMmE, BARE AW
boojum FFAEMHIHRFE. FTCARRA T LR R AT boojum SR E X NTEHESS boojum HhFfh. #R1M, X342
r=20& B (1 5(b)), HHT40E A B IR A, BRI S I 0 b 15 5 — MR NP+ 1 boojum B Fi A — ANk
FEa3n, iR 5 K 200) T FRg 2R 15l 5(d) N5 15 S(0) AR XS FREE 7~ = 0 A AAEAE 1], MR
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Figure 5. Profiles of biaxiality partial enlargement of the boojum defect in the CIS LC cell and the eigenvalue diagrams of
the order parameter tensor QO at the symmetry axis »=0 under the weak anchoring boundary condition when

W =1x10"J/m* . (a) and (c) r=10&,h=30¢; (b)and (d) r=20&,h=20&
5. EHRWELRENT, MEBERB W =1x107)/m* B, EHFRYIEKRRETH boojum SRFEEIDEHE HIBH
KEFMFSHKE O EXIIRI - = 0 IARMEER. (@F(c) r=10&7=30&; (b)FI() r=20& 7 =208
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Figure 6. Biaxiality enlargement profiles under the weak anchoring boundary condition when W =1x10 J/ m’ in two

models. (a) and (b) are partial enlarged details of the biaxiality configurations in the CIS LC cell; (c) and (d) are biaxiality
configurations in the cylindrical LC cell. In (a) and (c), » =10&,h=30¢; (b) and (d), r=31&,h=9&
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