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Abstract

Controlling the orientational ordering of liquid crystal molecules by confined
surfaces is one of the main reasons for the widespread use of liquid crystals in
the industry. The anchoring condition is an essential feature of the liquid crys-
talline materials in vicinity of boundaries. As known, surface interaction energy
in a confined liquid crystal can be studied in the framework of Rapini-Papoular
model. However, for the uneven surfaces, other models, such as a model based
on Fukuda theory should be used. The surface-like energy is not usually consid-
ered in energy calculations. In this work, we consider a nematic slab confined
with two infinite surfaces and investigate the director field and anchoring ef-
fects in the total energy of the slab with a sinusoidal surface by taking into ac-
count this term of energy. We consider a surface with a grooved sinusoidal
form and calculate the anchoring energy within the framework of Fukuda theo-
ry. We also obtain the dependence of energy on geometric parameters, such as
grooves amplitude. By utilizing theoretical model proposed by Fukuda, we de-
termine the director components and anchoring energy of the system under an
external electric field. The variation of the director components and surface
effects are discussed. It is shown that the anchoring energy has a maximum
value in the absence of the field. Moreover, we find that the trend of anchoring
energy variations is reduced due to the presence of an electric field.

Keywords: Nematic Liquid Crystal, Anchoring Energy, Electric Field.

1 DOI: 10.22051/ijap.2020.32949.1174

2 M.Sc. in Physics, Department of Physics, Faculty of Physics and Chemistry, Alzahra University,
Tehran, Iran. Email: zahrakeikavousi@gmail.com

3 Associate Professor, Department of Physics, Faculty of Physics and Chemistry, Alzahra University,
Tehran, Iran. (Corresponding Author). Email: sshoari@alzahra.ac.ir

4 Assistant Professor, Department of Physics, University of Qom, Qom, Iran.

Email: reza.mozaffari@gmail.com

https://jap. alzahra. ac. ir/


http://www.SId.ir

[y Il olRzsls eyl ol (69 o)1 S0 5 ol doliliad
IR L TV ol e Jlo

(g3 Vlao

'S @l (S yoly 30 o (Sl ybL

"5 il Lo yoeme 9 1555 5lxd oumw owgliS” (8 3

ALV SRRt
WA/ 4708 1 Sl e

VFRA/ AT eyl

oy
j‘Lo.\.’.’.fJ}A;uC}JLwJa_w}SGb)}kéhd)@éﬁf;“w)rﬁdﬁs
93 b (S350 Gl o )3 0T Salizal ool LY
3 a5 Sk a5l ge al sl S5 DA IS s Dl
)Y%H.ﬁ‘);ﬁjﬁgﬁjkacwEJ;{)}JNC)J@»'JJ&SVAJ{
i i and (6550 3 SN 5 sla g 53 Lo ges 1558 (s L
(o 655053 633 ol N 38 5 s Ll cllin 53 oS o (s
ISt o b L i S0 (5568 (65, 5 Licgr Olbs Ol ks
M°&ub65f|6ﬂé:‘“}ﬁsdw)jbw3“"‘"‘"&5‘”)‘7"'
s pbiie ol s oS o e 1) Ll Al 0 0T ki o el

"DOI: 10.22051/ijap.2020.32949.1174
Ol 05 ol I ol (o 5 S 58 5l (S0 16 05 8 (K 1 byl ol yIS” it paT tils
zahrakeikavousi@gmail.com
(J}iws 3.\.‘.....1}5) .L)‘J.ll Lblﬂﬁ ;I}a}!l alii;'b ‘Lf“‘:’; 9 é.glj:a HLEHE cé.i:j:.ﬁ 5); ¢)L:&J\>r
sshoari@alzahra.ac.ir
reza.mozaffari@gmail.com .0l (o8 epd sl (K 56 05 8 skl f


http://www.SId.ir

Siles b sl o oudpelan sl sl [ ¥

Ly S50 sjﬁ‘};ﬂffs‘ﬁﬁ Calgie 50 gl 93 L eSSl
3ok o Sy sl 53 e SIS LY (sl 13 85 4 a5 51 aslid
5 iz Olton gloadd 3o Sl 3550 53 e 25T (o8 Comsd & gt gl
S ot e S S Ol B ot i ] sl (S5 (53
s &8 ol a3 b blize ¢ S350 (6331 o s o7 om0 O3
gy AALS A Ol ) s 48T ol r 53 Grmes 35 s 2
alol o (83568 (531 O i

A Oetn ¢ 525K £ Sl e b2 Sl OB 51

doio L)
Q@bjd)ﬁubdujuogdjud:}f@ﬁL;;l}.»ob.:@b@bdh)}l{
;stcu;ujlu;ﬁwt{,#@;wm Sl LS (gysb a4 tiyls 3 Klues
Sl s o5 2 48 Il 53yl o0 0Lz Sl e sl go oyl ey 5B cpl 4 Ol 500
sk slaibie . didy me JLog e 4 slse 51 5B b s em g [V 15 1y sk Olale
Dl LaOT g s 4572 5 r el 420> iz 3 BOT (o5 eyl Sk old 2 e
508 o eslw 0l e 4y Y smans LSl Y] LaeSKaSlanl 5 eSS 2udS” (aeSisles 131 ol
iy it el b1 S (6,8 Cgm e G al 55 L5 e a L el slassh
o 3,78 51,5 6 K 5B L e 3 el B (85 Y] S e iy M LS el
) €505 (s 53 mle sk Sl S et 53 (ST a2 gulome [ wle ok B 55 Sl
ST gmen b slitzal ol [P OF] A o Iy 4ad 31 ool 3lttel 3 (6,8 g 0 oo calam

(O JSK8) 358 0 atnie @ rlaw

B o 5V (B SLls5 L€ DT ) e s Nl (6,5 g ) S5


http://www.SId.ir

YA VAR Ghowls oY ol o Jlo dpa il olKiils oyl ol (50 )18 b ol Aol

W 5568 S8 Loy o (ol b (gl 5k st 0l 53 (on Jole [l (65 51
S Ol g slial 1 Ladgar Ol (1 05V (65531 848 el 5 555 g0 ateio
ST AL (6B g o nd pelan sl Sl d S (1S o aeilr 0] ol ol gl
3 G (S 358K Sy il Glate QLT s slitial y aias ey ) 3 Ligr
gl DLT 5 gome 31 ey sk 3 SLicgr 487 ()b 4 il 35ukomn (St i ) ST L
J;wi.{r.aﬁ‘_gjfﬂ.[9cY’]C...Zbﬁbp’-Wf;j&'g-cwjab:uﬁdf@:
2 5d e Ol ofs =%W sin® @ s w V] ¥k 5 sl iy b mle 55k o 21y
S50 cpes Sl ey ol A V] ol @ OLLT ) gmn 5 I Ldlgar oy sl 300 calasly ol o
Ll Ol wi prlaw 457 )50 53 L[4 Y] Col e sl Sloo el 3 (535080
Guéuugqi:suLgmﬁ)lf);Jgﬁuwwlé.wwu@bau‘ 03l
555 sladbe 31 oalinal LOT gy 53 45 Sl g i L5l b o glas 355 o - s
Slallas [WV] (2L 515508758 sl 5l dam bl 5 [V 0] oo 5L ol sl ol o slgiiy
S s cadlas ol 53 VY V] s S slgi sadde 5 56T Hls L Tl 22
Gb)}lid.uOib:é@.wlo&@\:f}dgwdh)q)ﬁ%gﬂﬂgfﬁlfo:Lﬁ:..»l
(st g Lo o sy L 5ol 558 o H18 o g 51351 e (Sl gl )
A ol S ealil L i 53 WY N ] 550 53 5 557 ST 851 w0 o1 5
Calibee Joyl 8 oo 15 &S50 e )5k S 338K 6551 55 5 Wilgr Sbail s Ol 5 oo

58

Sllno 9 Sy Jgo 9.7
e il e o2 31 L Aol s 53 o mle 55k 031 1 L 1 SOl mle 5k das
Vb gl 5355 8 (B AX s dltal 53 GlasLd 5 i Sl bl sld b S0l
3) dalyy L0151 0T o 5 4 o) gkt Sl (Y JS00) 0,8 0 S5 55 3l
DF ANV 35 G ¥
z = Asin[q(xsing + ycos ¢p)] ()
z=1L, Y)
w,;,ﬂcb_wdu,\,:u;A,CL.ﬂL;u,g.:,uqq.;l.\mwzwuqbwm@tﬁ

DY AN O a0 0L 1) (oo s Sl opl e 3o = 2/ A ol


http://www.SId.ir

Siles bl sl o oudpelan sl sl [ Y'Y

.wt(mg.:;um)x,,,u}u%w@jd)egigu@u),gagmaurdm

DY Y] o580 G 5 o) g 4y SO & a5 Ol 53 SlatSTS15T (6551 JEs

f =302+ K0V xn)2 + K;(n XV xn)? = KV.(nV.n+n XV xn)) (¥)
Kg 5 el ostast 5 odoomy 5 05 28 SlatS ol o 5 4 K35 Kp 5 Ky o(¥) i s
T 31 1WA 3 55 o s 5 Ky = 2 (K + Kp) o) g 4 857 ol el 4t JLtS
el sk Zlrsel N 155875 & i Gl (loks (2 3 X0 5 ome (sl 3 pebawr (sla )l a8
PN K 53 S S SIS 851w ol 5 o 1y S g et Slikiel 1 SIS
DY NV 55 o0 o3l (F) Ay 4 (F) By 571y = 102500

fr= (Kl(ayny + aznz)2 + K, (9yn, — azny)2 +K; ((axny)2 + (axnz)z) -

2K,(3ym, 0,1, = 3ym,0,m,) )
15,8 dnloes (8) Al y 3l etz L Ol 5 o 5 1) &K1 3 SluiS (655

F==[frdr ©®)
DV 25 o dal s o35 i yo

K,(0,n, — d,n,) = K;dymn, #)

n, = Aq sing cos[q(x sing + y cosp)], v)

S (slaail 5o Y-V V] 51E ot S¥lar 05,0585 451555 585 ol 3

LY Ol o oo SIS LY ST s 6l 53 b o)l o 05 (1 55 i
DIV T o iz & 55 S sem & (3 gond

n,=1 W)


http://www.SId.ir

AT R AU L ls VY ol oo Jlo d ol oSl eyl ol (60 1) G 58 oo dalilad

= Aq sin¢ sin[q(x sing +y cosd))](cosd) 29 +- cotzd) (Cos¢ 1291 —
g

Cg—(" ) @

= Aq sing cos[q(x sing +y cosd)](e™99: +-= COt2¢ (e79%91 — e79792)) (\+)
L

9:(p) = \Jcos?¢p + (K3 /K)sin?¢p (i = 1,2) (1Y)
3 = 1)l imad oded (55 Lo SlS el o 4a5 VU pebas 6055 ¢ oo
n,=n,=0

gl S5 Al s g Ols Gloadl 3o 58 o 5 457 (V) 5 () Ly w4 5 L
oy gy 55 (B35 (655 ol 5 e €(0) Ay S ool U s 5 135
EPTIR—

F = 5A2q%K;((cos2 — 1) = (cos2¢ + D) (~1 + e72!47) (")
O S35 (6551 Sl uii U r'«‘fw‘ Jlsl a5 4 1, E = (0,0,E) S S Ols oJl
JS T 551 J& sl o ol o oS gy 1 Cliiee (S S (a0l ) il 53
sh g 0315 55 Osle b ars ol

fr = fewastic T frieta (%)
T Comd 4 5 Do 3o IS T (6550 e nl b
Fr = [ drC (K, (0yny + 0,m,)" + Ko(ym, = 0,my )" + K [(0my) + (0,m,)?] -

2K,(0,n,9,n, — 3,10, ny)) 1 ()2 (OF)
Sleslawl U g5 sd w03l (V) 5 (F) slaaal,y Lo g a5 alias (6 0 bl 120 4 a5 L (Jl>
oS G Lt L3 ol (6l 1) Wi Ol (slavadl 5o ol 5 oo 51 SN b ol S ¥slan
T Sz 6 (1V9) 5 (00) Jailyy s 0 Dlsloms ol il

= Aq sin¢ sin[q(x sing + y cos¢)] {(Cosd) —4zg91 + cot [0} (wsd) 4291 —
g1

ﬂe—ngz)>_fa_252;} (1)

gz Kqi4m q cos¢p

n, = Aq sing (cos[q(x sing + y cosd))]){( ~4291 + cot ¢ (e~1%91 —

K141 q? cos?¢p

e—ngz)>+€_a52 L (\%)


http://www.SId.ir

Siles gole (sla ol o sabealass sla sl | YF

J.».o.l.::_.-rl_?dl)(w) abaly 55 ((V9) 5 (V0) Loly,) Laaddge cpl O8ls I 3L 5 opl

s S S Ol 5 g 53 ebaas SIS LY 53 (6351 Dl s conl s 5L
(ol sk 0313 OLS (W) el b OT doets o8 T oo

F = — A e0(—1 + e?=) sin b (242 (eaE? — 4mq?((Ks + 2K;) —

(K3 — 2K,) cos(2¢)))sing + e,E? sec ¢ sin(q cos ¢) (— sin(q cos¢) +

sin(q(cos¢ + 25in¢)))) (\V)

e 3 5 bl Ll Ao 1 ang s gl el 4 1) (655 g o (S ey

S g s Y

anlllas s &S5 53 1y mbe sk (ol Sl (5 ide gl g b e ol 50
ok by (i 53 4k o gla S5 BT 51 0LS )3 Gaasd 55 (e 5 nl 4 5 oS o0
gl Aol 3 sdeaT iy (S35 (6551 4150 ) st onl 51 5 ols S mle
(¥ JS8) oS oo s ) s (25 0lie Sl eslizal L1, ((VY) Al )

DY N b (SS35 53 j;;&{&;;lwﬁ, Gl b s palie Y S
A(mm) | q(mm)'| K; (nN) | K; (nN) | L, (nm)
0.5 3m/8 0.01 0.0047 5

1Sl ol 53 5105k el (S0 55 Sl mle sk S 258 51T S

:‘J_h‘@_g:\_".j‘j)d) Zﬂ)‘j%‘“’ﬂt"—“‘*—"‘))’;j’j&’idjf‘c"xﬁ‘vdgf")"

Lgl)'lQLapwo.\ﬁbdg_lO_Ll‘)éSJ}LQL@.@\:MM_)(L&%)CE»‘_QL&JL:&


http://www.SId.ir

WETOTAT L V) olo qepo Jlo dyall olKiils (ol (68 )l o5 code dalilind

23455 sl e OLT e a8 1T 1l i S5 3,0 p = 07 4415
sl ol sl 4 1 ‘M‘slm S 35K gl 1553 53,15 513X e slod
L;)“JJUM_bJJ_:JA_:JBL::»JJJJ_&wé_SL;»VAJ{;)L,..,T)yujL«JQ.P.-L;LM\J;A
L el e 300 55 331 ol o Al Sl L Ll s g dal s pebas ol 53 (855080
ol S5 o s ol 1y (S350 55,51 ke it B = 2 50 S gl
238 Ll )5BS 3 e Do) e o ot g o Ladigr 5 OLT ) e (gl sl a5
Sl S o o o AN Ok 4 ) Sl 5 ) (ol 80 S
i 5338 (6551 D i 513305 ey 5 (V) 5 (V) iy 33 gl 31 0l 5 0 IS ()
o Sl Lol 53 Lo S 53 0 1K K0S (Clite laids b o la0le (513
ol gl a5 0568 (6551 5 68T e sl SSSU ol oS 4SS
Ol i (V] g, =11 yf?rw)ap,mj@uwwn Jodor o5 palie jlesils
3 Calbe Lot Ly ladle sl 1 @ A sl ooy (S 568 (55
RO PRI R S (O S o ) 6 X 1072V /nm b2 x 1072V /nm

o S S Ol 5 815 o o S ol 55k (§05080 (6551 e B S
6 X 1072V /nm G2 X 1072V /nm 1 Cadebes glacoics U (SS Sl glaOldes 5 s 3 5 (g5 13 ge5)

Lol oo yls 5a)

aindin @ g 5 Y 3 G155 L Lascgr 5 0Ll gomn (68 S o) L31Y S 53 a8 slailen’
o=l o3l Y 5 L (gl L (il B e 5 (6,8 g e g1y 5 8L Yy = 0 5 55s
LYY AV @] gl ulon b (slamin C S e


http://www.SId.ir

Siles e sboysly o ouipelis sl sl [ Y8

ol it (6531 D i P S S Glaay sl 131 4 03 b g0 Al Do ¥ IS 1 oS shailen
Lo (85 Wl iate o s 55 Do il ook 4 b o (sl s ples s 5
3 3 sy Ols ST (- 53 il oo Rl 651 S o Iy 4515 1o,k b 4
G5 Sl 4T ol oy s 1y e o i S 556K 550 (s Has) E= 0L
358 e Jlasl Ol By Lol il QLT gome 5 Ladager slitsal o &5l Ll 531 51 36
3 Lol Ol s 415 0T ) ome 5 i o 4315 osdle (o (glayls 5d)
534S Sl OT 51 b 6 S g i ool 58 dal i i 55 ol (SO S Olse
03 Ol L il 5yl s g g > 0 e é;ﬂ\d: Lgbji}lm».ml} bl
Rl g al s sls 5 pl dals a3 0 = 90 15 53 5 [W] 5,5 )15 (2 5 pome sl
P s isly o b ol s s S 1 (S0 (6551 D 0 2 sl ol S5l
5 e 3 S a0l 1 Cmi ST (glais (1 m 4T (5o sb (Bl ol s
iy g |y i Sl o a8 (ol 48 85I FE = 3% 1072 5 F=2x 1072
L;Ln;)ld_”.»):d@)}_p):.rﬁ_f@ odalive 3 )l 5 5 b Q‘J.:A@Agw‘,
Wl 53l 551 Olokon O3k Sy & e (85,3 S et B = 4X 10722 51
5 mlie gy cmle slay sl 4 (b (S ST et Jlesl JYs 51 (S6 S 0l 5 e
Jaalﬂwtdwleuwftw.gwgulouquLaoT;u@,.G,wm;:

DIV 552 o3lital Hlas Cnto

S g5 A Y
JBs s St 5315 (ol (SC S Ole S1ida ST 58 Jute Sl eslinl b Lot onl 5o
Sl 0o Slealowe 03,8 () o)L mha b slais S 25K 855 5 it
(8551 s b ploni) o 4t LS (550 88 Sl 53 b g LS (St &
551 e (St ¢ S SN Ol ) e 53 (b SIS LY 3 (65,31 Do 5 IS 51T
L;tﬁ@uzdﬁuﬁ.ﬁ;J,Twag|,u)erz.w;,ga;ﬁwudu,ubgwiw
Gilbae ( 8336K (655 Olin o i 457 315 OLES Calibes slats b S S (sladslde
3 =SS Oldes Jlast U o100 3 g2y (S S Olas o8 ol sl 20 b blize 0ol i)
s 5 LdCrgr slaslinel w &gl cpimen 5 SilS oaws ST (65,51 0T Sds il )

S5 Ol e iy ealdtal 93 ) doalad Sl 5 o gD an ol o 5153 éa.—: olT


http://www.SId.ir

AT ALl ) ol oo Jlo 0 olR2dls (ol (60 S S sl alilad

G ol s Gl slacds b (S U1 Dl Jlasl ¢ b 51T oo s 4y (S350
2348 sk el o (535880 (6551 Dl i iy 2alS 4 Ole 5 i oSTsls 0L
L0l 5> 45 Iy (sl (6 a8 Sl (1 X 10721 45 51) S 87 Sla0lobe
cnl oS om0 alie ()l 3y sl Ols 4T (Al 4 o 1 (6 i Sk S
5 g0 mle sk G35 5 5 T i ol )l (SO S Ols S @k 5 Ly el
g;_a,a,ﬁutb_:«umﬁdgu,:wymwcuﬁc_udu,,bmum el

.[W]g.w\ﬂ.l%mﬁ:J&u&!fbjcu)}gd)w—urﬁ‘&cwl

ST g P LD
el S5 5 G135 3550 1 I o&Kils g Ciglas ol

&b
[1] Khoo 1.-C, Liquid Crystals, 2nd ed., John Wiley & Sons, New Jersey, pp.1-3, 2007.
[2] Gennes P. and ]. Prost, The physics of liquid crystals, 2nd ed., Oxford University,
Oxford, pp.10-18, 1993.
[3] Andrienko D., “Introduction to Liquid crystals,” Molecular liquids 267, vol. 267, pp.
520-541, 2018.
[4] Jerome B., “Surface effects and anchoring in liquid crystals,” Reports on progress in
physics, vol. 54, no. 3, pp. 391-451, 1991.
[5] Yaroshchuk O. and Reznikov Y., “Photoalignment of liquid crystals: basics and
current trends,” Journal of materials chemistry, vol. 22, no. 2, pp. 286-300, 2012.
[6] Kleman M. and Lavrentovich O. D., Soft matter physics: an introduction, Springer, New
York, pp.158-160, 2003.
[7] Rapini A.and Papoular M., “Distorsion d'une lamelle nematique sous champ
magnetique conditions d’ancrage aux parois,” journal de physique, vol. 30, no. C4, pp. C4-

54- C4-56, 1969.

[8] Guo-Chen Y., Shu-Jing Z., Li-Jun H. and Rong-Hua G., “The formula of anchoring
energy for a nematic liquid crystal,” Liquid Crystals, vol. 31, no. 8, pp. 1093-1100, 2004.
[9] Shoarinejad S. and Shahzamanian M., “Director structure in a chiral nematic slab:
Threshold field and pitch variations,” Research Letters in Physical Chemistry, vol. 1, no. 2,
pp. 134-141, 2013.

[10] W.Berreman D., “Alignment of liquid crystals by grooved surfacees,” Molecular
Crystals and Liquid Crystals, vol. 23, no. 3-4, pp. 215-231, 1973.

[11] Fukuda J.-i,, “Surface-groove-induced azimuthal anchoring of a nematic liquid
crystal: Berreman's model reexamined”, Physical Review Letters, vol. 98, no. 18, 2007.
[12] Fukuda J.-i., Yoneya M. and Yokoyama H., “Anchoring of a nematic liquid crystal
induced by surface grooves: a numerical study”, Physical Review E, vol. 77, no. 3, 2008.
[13] Fukuda J.-i, Yoneya M.and Yokoyama H. “Erratum: Surface-groove-induced
azimuthal anchoring of a nematic liquid crystals: Berreman's model reexamined
[Phys.Rev.Lett.98,187803 (2007)],” Physical review letters, vol. 99, no. 13, 2007.

[14] Choi Y., Yokoyama H. and Seog Gwag J., “Determination of surface nematic liquid
crystal anchoring strength using nano-scale surface grooves,” Optical Express, vol. 21, no.
10, p. 12135, 2013.


http://www.SId.ir

Siles mle sboysh 55 oniipnlass sl sl [ YA

[15] Demus D., Goodby J., Gray G., Spiess H.and Vill V., Handbook of liquid crystals Low
molecular weight liquid crystals I, vol. 2A, Wiley-VCH, Weinhein, pp.256-257, 1998.

[16] Nehring ]. and Saupe A, “On the elastic theory of uniaxial liquid crystals,” The
journal of chemical physics, vol. 54, no. 1, pp. 337-343, 1971.

[17] Yang D.-K. and Wu S.-T., Fundamentals of Liquid crystals devices, John Wiley & Sons,
Chichester, pp.20-38, 2006.

[18] Shoarinejad S. and Shahzamanian M. “On the numerical study of Frederick
transition in nematic liquid crystals,” journal of molecular liquids, vol. 138, no. 1-3, pp.
14-19, 2008.

[19] Chen R. H,, Liquid crystal displays fundamental physics and technology, John Wiley &
Sons, Hoboken, pp. 132-138, 2011.

[20] Ball J. M., “Mathematics and liquid crystals”, Molecular crystals and liquid crystals,
vol. 647, no. 1, pp. 1-27,2017.

[21] Ravnik M., Colloidal structures confined to thin nematic layers, PhD Thesis, Faculty
of mathematics and physics, Department of Physics, University of Ljubljana, Ljubljana,
Slovenia, 2009.

[22] Alla R. A, On the control of nematic liquid crystal alignment, PhD Thesis,
Department of Physics, University of Gothenburg, Gothenburg, Sweden, 2013.


http://www.SId.ir

