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Elastic Distortion of Biaxial
Nematic Liquid Crystal Induced by Surface Grooves
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Abstract; Biaxial nematic liquid crystal is anchored by the grooves of a surface, so that one of
the three directors is homogeneously fixed in direction of the grooves. This paper used a
theoretical method proposed by Berreman, which the contribution of elastic origin to the
surface energy of an uniaxial nematic liquid crystal. A formula was obtained which attributed
the surface anchoring to the elastic distortion in the Berreman model, but in the biaxial
nematics, it describes the distortion energy of the m director induced by the grooves of a
surface, when the n director is anchored along the grooves. The stability of the n director
around the grooves was studied. In one-constant model for each director, the rude condition
is that the elastic constant of the n director is the maximum.
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Fig. 1 Main director is aligned along the surface grooves
(%2 axis) and the minor director is distorted by the

grooves

HAEjSEs F AR I ik @ 2 F 45 17 R n, IR
BIRAE R  mH O UL 1, R X RSN L X
Hn=1(0,0,1),m= (cosf,sind, 0), X, J7 &
OB
. A6\ 2 .
floGe ) = 5 (2) LK+ Ky + Ky sint o+

O\
3y> i

[(K/l +K10 +K11)COSZ(9+ (KG +K12)Sin2(9:| +

(K6+K12)c0526]+%<



%1 e A 26« 25 T T S O 90 91 AR T 0 0 5
[(Ky +Kp) — (K, + K+ K ;—i %sinOcosO m = (cosf),sind,0) (15

(10)

Xt 7 BBl ) 370 AR B — 38 BGUE AL BER
K,=K;+K, =K, +K,+K, (D
MTXGEM2 MR m e 5 HE, X
QD) YRR R A G O AAEN &, i, 52

(ORI A -
F— %quA)Zq (12)

3 REMAMH

AR AE U 17) 1) AR B — R RO LT
VTR0 75 T AR L HES A RS R 2R A . X DT
S [ B AH B — T BOE (K = K, +Ko)  HE2
W AN [ 4 ) 2% (Lm0 m) (9 48 65 350, XUl 1) 37) A
B — M R RO LT M B R R R

@it l=mXn gL XA .
o= da o[22+ ()T

dx dy
%(K” —KJSiD%S@)[(%)Z + (%))}
(16)

L, SR n= (0,0, 1) (1 Fa E HEH) L Pk B
F BB /N Bl A R e N 1 S5 A KL > K
W QD REFAZE R
1 = (cosO,sind,0) (17
MR IR H m=n X1 451, FAT15 2] 40 598 B
n=(0,0, D FEHF b B B aexT /N ™~
A R e N ) AR KL K

L
4 XU 6 310 8 8 A T T R B B 5

ML B A A & B 0N R RIS
WA SR RE . 7 — LSRR T L 1% W AR i RE
TEFE X F 5 Berreman B8 4 5 B 5l 18] 31 AH 1) 2%

Ry DRy ST, LR 30— 2 30 R 96 A LA 5407
P IRUE R SR n DPBCR T BRTH = e g 2 50 93 41 4 0000 1A B

/& He
0:0, DIy AT /1 I 0 HL50 - H 1y 5 15 T 90 9T 2 XTI
n = (— sin(dp) sind, sin(dp) cosf, cos(5p))

M 30130 5T JE T A . UL 1) AT
CEO ™ g MO (O 32 4% 1 S 2 4 10 25 10 381 2
B,

fi =~ %{Kn[(v )P+ (V X))+

K, [(V «m)*+(V Xm)* ]+
K,[(V « D"+ (V X D]} (13)

AR 1 KA A 4

Z F X #:

[ 1] Berreman D W. Solid surface shape and alignment of an adjacent nematic liquid crystal [J]. Phys. Rev. Lett. ,
1972, 28(26) :1683-1686.

[ 2] Gwag]J S, Oh-e M, Yoneya M, et al. Advanced nanoimprint lithography using a grade functional imprinting material tai-
lored for liquid crystal alignment [J]. J. Appl. Phys., 2007, 102(6):063501(1-5).

[ 3] Kawata Y, Takatoch K, Hasegawa M, et al. The alignment of nematic liquid crystals on photolithographic micro-
groove patterns [ J]. Lig. Cryst., 1994, 16(6):1027-1036.

[ 4] Park M J, Park O O. Alignment of liquid crystals on a topographically nano-patterned polymer surface prepared by
a soft-imprint technique [J]. Microelectronic Engineering ,» 2008, 85:2261-2265.

[ 5] Fukuda J I, Yoneya M, Yokoyama H. Surface-groove-induced azimuthal anchoring of a nematic liquid crystal: Ber-
reman’s model reexamined [J]. Phys. Rev. Lett. , 2007, 98(18):187803(1-4).

[ 6 ] Madsen L. A, Dingemans T J, Nakata M, et al. Thermotropic biaxial nematic liquid crystals [J]. Phys. Rew.
Lett. , 2004, 92(14):145505(1-4).

[ 7] Acharya B R, Primak A, Kumar S. Biaxial nematic phase in bent-core thermotropic mesogens [J]. Phys. Rew.
Lett. , 2004, 92(14) :145506(1-4).

[ 8 ] Merkel K, Kocot A, Vij J K, et al. Thermotropic biaxial nematic phase in liquid crystalline organo-siloxane tetra-
podes [J]. Phys. Rev. Lett. » 2004, 93(23): 237801(1-4).



4 w5 2 R 5525

[ 9 ] Govers E, Vertogen G. Elastic continuum theory of biaxial nematics [J]. Phys. Rev. A, 1984, 30(4):1998-2000.

[10] LeeJ H, Lim T K, Kim W T, et al. Dynamics of electro-optical switching processes in surface stabilized biaxial ne-
matic phase found in bent-core liquid crystal [J]. J. Appl. Phys. , 2007, 101(3):034105(1-9).

[11] Stannarius R. Comment on “Dynamics of electro-optical switching processes in surface stabilized biaxial nematic
phase found in bent-core liquid crystal” [J]. J. Appl. Phys., 2008, 104(3):036104(1-3).

[12] Longa L, Stelzer J, Dunmur D. Density functional approach to study the elastic constants of biaxial nematic liquid

crystals [J1. J. Chem. Phys., 1998, 109:1555-1566.

))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))))

MEZZXEHZ RN

AR rp A N R A (] G20 0 3OS 2 25 SCHR 2 sk B (GB/ T7714-2005) & Gt 15 2 7% ) 2 B8 796
A B ORAE 2 A 1] A R PR I 1 8 278 SR 35 5%

L. E 2% 305 i X

BAF D79 WE#H . SCHREA [SCRRZE AU AR GG ], i 20t ) 4% - A 44 15 5L ARy 5 ()
5 R IETURS LG T H ] RIBCRI T [ B A

B (1% 4. STN-LCD $eR By & fe) . Wi 5 87K ,2002,17(4) : 233-242.

B[22 GE AR L SR IR AL, R BRI . U2 P S A T B R A L) . BBt R4k A AR BE i
1999,35(1):101-106.

[ 3THR = . E W4 . 24 . a-Si: H TFT W B {8 X SPICE # &gy BF 52 [J/OL 1. &5 B,
2005,20(4):267-272. [ 2005-10-18]. http://www. wanfangdata. com. cn/src/szhqk/ wi_szhqk_brow-
ser. Asp.

& U9 Me#H . BALCREIIARE ] A SO 5T %/ /L5 ERTUEE . LH 841
A G, . RRASITCER 1 RIS, R RSO« HH RS o S AR < A HE SRR SRS L5 LT H A ] AR IBCRI D5 0] A%

- LA TR R EHA 7&&%%%%[1\@ JEC R AL . 1994 . 27-38.

Bl (5T H AR A ARIR DG E 142 T hi2r . s LM, B8 e, MO 2 20 3% . dbat it
75 Toll A, 1992.

il L6 JBEEDE . FOL AR BAL T R iR RLM I/ /B B . St 5062 TR Jbat B2z
Jii At 5 2005 :62-72.

ol L7 DROREAR . B AU ol TR M/OL L. 5t KT XA ikt . 1998[1998-09-26 J. httq://
www. ie. nthu. edu. tw/inf/ie. newie. htm(Big5).

] [8 IR IS AR A7 WL . 7 AR e A 2 B R W 1) & B 5 PR B LC/ /2002 45 o[58 A b s 23 W08
SCEE . BRI RN S o 7 ey A1 BR 2 W) . 2002 167-168.

Bl LONF A - W A G HE B a) AT R A BFFE LD . K35« v BB 27 B 4 B DG 2 b 8 HILIR S5 ) BT 5
BT .2001.

ol (104 B SCRR TAE AR e AL B R & D1 22 8 L 73 & B 2x - GB/T5795-1986 i [E kn 455 [S]. b
A R AR AL L 1986.

R8T LR IaE . BREA L REG LR S R R AR ] A4 HIIEA I H 5]
FHH T ARBURI D 1) A2

Bl L1 B R B AR ARG 45 55 . SR AR LA SRR 1 - P L 21.95241185. 7[PJ. 1997-08-09.

(T P48)



