
This article was downloaded by: [University of California, San Diego]
On: 20 August 2012, At: 22:02
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

Deformed Surface-Induced Smectic A-
Structure in Nematic Liquid Crystal
L. V. Mirantsev a
a Institute for the Problems of Mechanical Engineering Academy of
Sciences of Russia, St. Petersburg, 199178, Russia

Version of record first published: 04 Oct 2006

To cite this article: L. V. Mirantsev (1997): Deformed Surface-Induced Smectic A-Structure in Nematic
Liquid Crystal, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular
Crystals and Liquid Crystals, 301:1, 137-150

To link to this article:  http://dx.doi.org/10.1080/10587259708041759

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259708041759
http://www.tandfonline.com/page/terms-and-conditions


Mol.  Cryst. Liq. Cryst., 1997, Vol. 301, pp. 137-150 
Reprints available directly from the publisher 
Photocopying permitted by license only 

0 1997 OPA (Overseas Publishers Association) 
Amsterdam B.V. Published in The Netherlands 

under license by Gordon and Breach Science Publishers 
Printed in India 

DEFORMED SURFACE - INDUCED SMECTIC 
A - STRUCTURE 

IN NEMATIC LIQUID CRYSTAL 

L. V. Mirantsev 
Institute for the Problems of Mechanical Engirteerirtg 

Academy of Sciences of R.ussia, S t .  Petersburg, 
199178, Russia 

A 1,s tract 

111 L,lie present. paper the smcctic A - phase induct4 by the deformed substrate 
st lrfm! in a neinatic liquid crystal i R  considered. The wrface microrelief is described 
by oiic .I climensiond harmonic fiinction. I n  framework of Landau - de Genries rlrodel 
the dependences o f  the surfcam smectic order p‘arairietw arid the depth of pelletration 
of t l ie  iiiterfacial siiiectic structure into t.lie mniatic. hulk 011 t h  ainylitudc a.nd tlre 
period o f  the siirfkt. inicroreiief are obtained. It. is shown that. the deformation of the 
suhstrrtt.c surkt(x1 siippresscs t . h :  interfacial sr!icc!ic structure. 11 is also iuvc:.;t.igsted 
thit cf1’cct. of thc intrrfacia,l srucctic strt~ct~iirc 011 t h e  clapth of  penetra.t.ii)n of the 
s i i r h c p  wicrorekf - induc.td de.fi)rmation i i i ~ . o  the  sa.riiple hulk. ‘I‘he yossibiiity o€ 
experimcntai vrriIica.tion n i  1.11e resiilt2s obi~iued  is disrussed. 

I{: is kliowii t1ia.t. t411c int.erf;l.cjaJ properties of liquid crystals (LC) itre sigi~ifi(:i~.~itly 
dilfcretit from their hulk properties. For exirmplc, the boundary suriaccx, such rn 
a. solid subsimle and a free surface, indim t h r  aiiicctic A ( Sin A ) - slmicture 
i n  the interfacial region of neniatic tiquid crystd ( NLC ). There are a iiuiirber 
of cxperirnental [ 1- 5 ] arid tlicorctical f 6 - 9 1 papers devoted to thc. study of 
the iiiterfacial ainectic structures in NLC.  However, i n  these t11eoretic.d papers the 
bouiidary Burface is  amuriied to be per€tict.ly tiat,, whereas ac:tiialIy the substrate 
surface always porneases a certain microrcli<J. Barharo and Durand haw shown [lo] 
that when this microrelief, such w an undiilation, is sufficiently sharp, it induces 
too-large distortionid contxibution to the neinatic free energy that, in turli? gives 
rise to decrease of the nematic order paraniet,er. I t  is well known that the elastic 
constants of the sinectic A - phRse are much larger than those of the nematic phase 
[11]. Therefore, one can expect a significant negative effect of the substrake surface 
rilicrorelief on tlre interfacial srriectic A - structure. On the other hand, ixi present 
theoretical papers oil the peiirtratioii of the surfaw ~nicrorelief - induc.t:d deforiu;ttion 
into the LC bulk the T,C Haiiiple is ixsunied to he i n  a pure iieiriatic [ 12 ] or in pure 
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138/[678] L.V. MIRANTSEV 

smnectic [ 11, 13 ] phase. Consequently, in these papers the interfwial Lc region 
with properties different from those of the bulk phase is ignored. 
We propose here a theoretical description of the Sm A -phase induced by the 

subwtrate surface with microrelief in NLC near the  second order nematic ( N ) - Sin 
A phase transition point. For simplicity the microrelief is assumed to be described 
hy the one - dimenmond harmonic function with the  period of order of one micron. 
In  framework of Landau - de Gennes model the dependences of the surface smectic 
order parameter and the. depth of penetration of the interfa.c.ia3 smec.tic structure 
into the nematic bulk on the  amplitude and the period of the  surface microrelief 
are obtained. It is also investigated the effect of the intcrfacial smectic order on 
Lhe depth of penetration o€ the surface microrelief - induced deformation into the 
sample bulk. In conclusion the possibility of experiniental verification of t,he results 
o b t ai lied is hr iefl y discussed . 

2. BASIC! EQUATIONS OF MODEL 

Let 11s consider tlie iieniatic layer in contact with tlie solid subs t ra te  surface 
Iiaviiig J rmcrorelief descmbed by OIIP - clirnensiorial harmoriic runctiori, for  example 

UO(2) = / I ,  COS((2T/d}l), ( 1 )  

wlicre U o  a.nd :i are Lhe sinplitude a.iid period of t.hr surface mirrorchef; ri?npect.iveIy. 
'l'h- NLC 1 a . y  ib: ass~i ; iwI  t o  he Ijoiiic!t,troyica.l~~- aligned ( in !.he SaIIqJh! bilk t . 1 ~  
,-!ixr:tor 5 i s  pnr:tllr-l i,: : - axis norrn;d !.i2 1 . 1 1 ~  sritiut:rate surfitcr. j. Let us. ;c!:cc,! assBuiIic 
tka.1, i.wr I,(: sa.nip1~ is i o  ;a vicinit.y of i.!;c :s:ccnr;ii <ir;tcr N - ?.;it A phwe t.ia.risifinn { 
tlitt X L C  teiiipcraturc is stiglitly above i , l it> tra.risitioii poiiit, j a . i d  the orkiitational 
o r r i c r  in it. is pcrfwt ( 1 . 1 1 ~  orientatinna.1 order parameter s' = 1, i.e. t.hc ioiig axes 

of all molecules a.ie pxd lc l  to tlie tlirer:tor n' 1. 'f'lic latter a.ssuniptiori is reavonable 
rnoiigh because t<hr most of I,Cs undergo the scrond order N - Srii .r\ phnsc trarisitioii 
srifficiciit.1y far f r o m  the  &aring point. ? I . J J ~  t.ht ;).ci.iia.l orienta.t.iaiid ordcr i i i  them is 
verv close to the perfd  o m .  

1,ct US assume that diic to the intera.ction bctwcen nicsogenic molecolcs and the 
suhst*rate surface the latter induces the positioually ordered Snl A - structure with 
t f i ~  period equal to tlw inolecular length !. If the nlolecules within thc first. inter- 
facial mectic layer arc assumed 1.0 he 11a.rdly stacked 011 t . 1 ~  substrate surface then 
L l i k  layer should he dislorted in tact with I l ie  substrate fiinusoidal relief and this 
distortion due to  the sirla11 smectic layer conqxcssibiiity can be iransniticd to the 
ncighbouring layers. I t  is clear that the deformation of the interfacial sruectic struc- 
ture should effec.t on it's translational order, i.e. o n  the value of the xnicc.tic: order 
parameter. On the other hand, tbe depth of penetration of the surface microrelief 
- induced deformation depends on  the smectic layer compressibility which is deter- 
mined in tiirn by the trand=itional order of the interfacial arnectic structure. Thus, 
to describe completely the LC region near the substrate surface with microrelief we 
must deteriiinc simultsiieously the interfacial sniectic order paran~et~er profile and 
the penetration of the surface nlicrorelief - induced deformation into t.he sample 
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STRUCTURE IN NEMATIC LIQUID CRYSTAL [679]/139 

bulk. 
in order to solve this problem we must know the expression €01 the  free energy 

density in the interfacial LC layer. This expremion should contain two contributions. 
The first contribution is the free energy density of the deformed nematic liquid 
crystal [14] 

fN = (K1/2)(divn')2 + (K2/2)(n" rot.6)2 + (K3/2)(i5 x rotn')2, (2) 
where K1,2,3 are the Frank splay, twist and bend elastic constants, respectively. If the 
subsirate surface wavy deformation is msuined to he weak enough ((2~/d)ff0 < I ) ,  
then the director components are related to  the one - dimensional wavy deformation 
U ( z ,  z )  by the equations 

Substituting these relations into equation (2) one can obtain 

It  should ba noticed that since the LC under consideration is in the vicinity of 
the second order N - Sm A phase transition, the bend elastic constant K.3 ill equation 
(4) is not similar to  that in "pure" nematic phase. Near the second order N - Sni 
A transition poilit. the siuectic short - order fioct.!iations oc.c.itr in the ntwatk. hulk 
p11;~se. T h a e  smwf.ic artier fluctuations are !lot. iiiduced by t.hc subst.rat.e mrfacc 
and must be considered sepitrately froni the surface  ind ticed siricctic strii~:t~ire. As 
it. will be seen twlow,  they give rise lo a. renortiinlix;l.t.ioIi oC t l i c  elmtic c:t;rit;t,;znt h-3. 

The second coiit~ibiitiori is the frce encrgy &nsit,y o f  tfic surface - induced SIII 
A - phase. If cr (z )  is the snrwlic. ordcr pa.ra.int+vr and V ( x ,  z) is I,lie shift or  xnic'c.t,ic 
I;i,yers diie to the sii bstratc s!irfare rnicrorelief i . h i  the siirfa.ca - induced srriectic A 
- pharre in the vicinity of the second order N - '.'in A phme lransition is tlt:scribecl 
by the density wave 

where po is the average density of the liquid crystal molecules, and the free energy 
density of the Sni A - phatw is  given by tJ1c followiiig 1,andau - t i e  Gennes cxprwsinn: 

fs,,,~ = ( A / 2 ) U 2  + (C/4)O4 + (L/2)(dT/&)' -!- ( 6 1 0 / 2 ) ( 8 ~ f / ~ z ) ~ ,  ( 6 )  

where A = a(T - I;), a and C are the temperature indcprndent constants, 'I'  is (.he 
temperature of the tlysteiii, To is the N - Sin A phase transition temperature, L and 
Ro are the elastic constants related to each other by the equation [15] 

Bo = L(2?r/b)' (7) 
It should be noted that two gradient. t.ernia ill  equation (6) are due to the coordinate 
dependence of the ahsolute value of the smectic order parameter 0 and the smertic 
layer elastic deformation, respectively. Adding the expressions (4) and (6) one can 
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140/[680] L.V. MIRANTSEV 

obtain the following equation for the total free energy density of the  LC layer near 
the ddormed substrate surface: 

(A/2}02 + (C/4)O4 + ( L / 2 ) ( d o / d t ) l +  ( B o / 2 ) ( O ? I / B t ) 2 .  (8) 

In order to deternine the total free energy of the interfacial region we m u d  
integrate the free energy denmty ( 8 j over the space above the substrate surface and 
add to the result obtained the energy of direct interaction between the liquid crystal 
molecules aid the subetrate. In previous papers on the surface. - induced sniectic. A - 
p h a s e  [7-9] khis interaction WM simulated by short - range orienting field which acts 
directly only on the molecules coutacting with the boundary surface. T h e  energy of 
such interaction can be written as 

G ( Z , 9 )  = -G0(3/2Cod19 - l/Z)Ci(z - 110(2 ) ) ,  

where S in the angle between long axes of the LC moleculea and the normal to the 
boondary sudace, Go is the interaction constant, and t ; (x  - Uo(z)) in ia well known 
Dirac function. Since the orientational order in the system under consideration is 
usumetl to be perfect (cwd -+ 1) this potelitid can be represented as 

where j [ z )  is the frcc ciiergy density of thc I,C inter€a.cial layer averaged over the  
XY - plaire. If we search the expresaioii for Lit., z )  in the form 

wz, f ) l z = O =  U" c 4 ( 2 . l r / d ) z ) ,  

tlien the expression for f(z) is the following: 
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STRUCTURE IN NEMATIC LIQUID CRYSTAL [68 1111 4 1 

Substituting equation (13) into the expression (11) for the total free energy of tbe 
interfacial layer and minimizing latter with respect to u ( z )  and O(z), we obtain the 
following Euler - Lagrange equations: 

These equatiom can be eolved only numerically. However, let UR attempt. to ob 
tain the approximative analytical eolution. We can we  the following approach. Even 
for perfrctly flat substrate the surface - induced smectic order should decay with 
peiiet,rat.ion into tbe iieniatir bulk at the dista.nce of order of the longitudinal corre- 
lation length < = (L/A)’12 for smectic fluctuations is]. According to experimental 
data [IS], at the temperature about 0.1 K higher than that of the second order N 
- Sm A phase transition this correlation length iu of order o€ 0.1 pm. On the other 
hand, i f  the period of the substrate surface wavy relief d is of order of 1 pm, then 
the depth of penetration of the surface - induced deformation into t.he nematic bulk 
should he of the Rame order. ‘I’hereforc it i R  rc~wnable ta wwurne that u ( z )  iiiust 
decay rapidly in comparison with U ( t ) ,  or r ( z j  i s  a rapidly varying function and 
U(z )  is a dowly varying one. Then in equatioa (14) one can set dUfrle sz dU/da/ 
In f.liis case we have n o  difficulty in integration of equation (14;) aiid obtain 

.z=O 

i18) 

c‘ = Cf2L. (19) 

It, should be noted that the  solution (16) lim been obtained under condilioii of 
complete decay of the  irrkrfwid emertic structure w i t h  penetration into the  hulk 
nematic phase ( u -c 0, du/d; -+ 0 at I -+ tx ). In’order to calculate the value (TO 

we can use the following relatwii: 

= 0. 
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142/[682] L.V. MIRANTSEV 

and 

dz r=O =-J-, 
one can obtain the e x p k o n  €or 

gi = -(a/ZC') + [(n/ZC')' + (G~p~/L2C')]' '3.  (22) 

Now let us consider equation (15). Multiplying it by dU/dz  and assuming again 
that o(z) is a rapidly decaying function in comparison with U ( a ) ,  we can obtain the 
following approximative equation: 

If tbe interfacial srnectic structure and the substrate surface - induced LC defor- 
mation are assumed to decay completely with penetration into the nematic bulk 
( ~ ( 2 )  - 0, a(.) + 0, dU/dz + 0 at L 4 m), then the integration of equation (23) 
pi v a  

Substitution of this relation into equations (17) and (22) allows us to determilie 
numerically tbe interfacial smectir order parameter 00 at given values of t*he parimp 
eters I ,  Uo, (C:opO/LC*) and Kj/Ki.  The ratio of the elwtic coilstants h ' q / K ~  i n  
the vicinity oi the second order N - Sm A phase transition can be obtained by using 
de Gennes's equation j17] 

K3 = K,O + (KBT/G)(*~/~' ) ,  (26) 

where K! is the bend elastic constant in "pure" nematic ( without smectic fluc- 
tuations ) and K B  is the Bolzmann constant. If for simplicity we set K: z K l ,  
then 
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STRUCTURE JN NEMATIC LIQUID CRYSTAL [683]/ 143 

Finally, we can determine t - dependence of the substrate eurface - induced LC 
deformation. SubstitutinE the expression (16) for ~ ( z )  into equation (24), we obtain 
after integration 

( n i  j 

,, i he rclattioiis ohtaiiifd i n  previous section of thc present paper ;r.llow 11s 1.0 t lv- 

iernlinc both the defrirnied surface - induced smcctic order pararnrt3er profile itnrl 
the depeiidtwc.c! of t . h  airlplitude of  the liquicl crystal wavy defor~~iit.t~jo~i U ( z )  on 
the distance froin the substrate. ?'lie. srnectk order parameter profiles obbaiired for 
various values of the amplitude Ir, of the substrate surface nucrorelicrf ( tlie period 
d of the wavy rnicrorelicf is fixed ) are shown i n  Figure 1. These protiles have been 
obtained at the following valuw of the parameters involved: 

(5" - To)/'To = lo-'; To w 300 K; f = 0.16pm; K," % Kl = 
( : i t 1  ilil!,..;. f , , ,  Q. X f w ; r t  ri:L 

The value of last parameter 3 ia sufficiently arbitrary because w e  havc IIO detail 
information on the .interaction between LC molecules and tbe siibst.ra.te surface. I t  
should be noted, however, that the value of the surface eiuectic order parameter go 

= 0.559 obtained at this value o€ g in caw of the perfectly flat r;urfacp is reasonable 
enough. It is clearly seen that the substrate surface deformation gives rise to s u p  
pression of the interf<xiaI smectic A - structure. Both, the magnitudc of the smsctic 
order parameter and the depth of penet~atioii of the ainectic order into t.he nematic 
bulk decrease with increasing microrelie€ amplitude Vo. In other words, as sharper 
is the eubetrate Ruriace nucrorelief, the stronger is the deiormation of the interfacial 
smectic layers which ,in turn, gives rise to the suppression of the interfacial sniectic 
A - structure. 

dyn; 1 = 3 
); CIA M ?O [IS]; 4 = Gop0/LC* = 0.1. 
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14446841 L.V.  MIRANTSEV 

Now let us discuss the effect of t he  interfacial smectic A - structure on the 
penetration oi the surface microrelief - induced deformation into the sample bulk. 
The dependence of aniplitude of the wavy deformation on the didance .from the 
subatrate is shown in Figure 2. The curve 1 corresponds to  the pure nematic sample 
( g = 0, i.e. the interfacjal smectic A - structure is absent ) and the c.urve 2 
corresponds to exiatence of the interfacial sinectic A - phase ( y = 0.2, CTO = 0.62 
). It is seen that occurrence oi the emectic A - wtructure neaz the substrate mrfixe 
promotee to the penetration of the surface - induced deformatiou into the nematic 
bulk. This result is obviously demonstrated by Figure 3 according to which the 
depth 1' of penetration of khe surface - induced deformation into the nrinatic hulk ( 
1' is the distance from the subatrate at which the amplitude of deformation U ( z )  is 
e -times smaller than that at the subfitrate surface ) is proportional to the surface 
smectic order parameter GO. 
We have also investigated the dependence of the depth of peiiet+ration of the 

subetrate surface - induced deformation into the sample bulk 011 both rtliiplitude 
U, and period d of the euhtrate  surface microrelief. The dependence of the depth 
of penetration I' of the surface - induced deformation into the sample bulk 0x1 the 
amplitude Uo is showu  in Figure 4. When the iuterfacial amectic A - strircture is 
absent the depth !* is independent of the amplitude Ir, ( curve 1 fo r  purc neinatic 
phase ). It should be iioted that this result is also valid €or the penetration of 
the surface - intliiced deformation into a pure nniectk A sample [ 11,131. However, 
the existence of the subdrate surface - induced snieclic A - phase gives rise to a 
iguificait depkndencc of the depth of peiietration t!* on the atitpiittide I ! ,  ( curve 2 
). It i s  seen t,liat for vrry sniall irmplitiide of tlic substrate surfacr niirrorrlicf t.lre 
deptah of penetra.tion of the surface - induccel. deforniation into the m ~ i p l c  hulk ie 
about 1.6 - 1.7 t,irries larger t.h;rri bhat in it pure ricnrn.tic phase A s  t.lw arnplit.i~tlc of 
the substrate srlrface niicrorelief is increased the depth of penetration I' decreases 

because of tlir siipyrrssioir o f  tlir interfacial s ~ i i ~ ~ t ~ i c  strurt.ure a i d  f o r  CI, 2 o.(j2j;.lll 

this depth coiiicicIes w i t h  that in  pure NLC. 
Finally, let IJS discuss bripfly the yofisihility of MI experimental vrrifiratioii of 

the results obtained. 'I'hc experimental stiiAv of t,hc Fieedericksz tmnnit ion i n  thin 
nematic cells performed by Hosenblatt [4] revcaleci the anomalous growth of the 
Freederickss critical field in the  vicinity of the second order N - Sm A phist? haiisi- 
tion. This growt.11 was attributed to the effect of the  surface - indimd sniectic. A - 
structure. The point is that the penetration of such a structure into the tiairiple bulk 
gives rise to decrease of the effective thickness of the nematic layer sensitive to the 
external magnetic field that results, in  turn, in  growth of the Freederickse critical 
field. one can measure the Freedenckss critical field iu a vicinity of the second order 
N - Sm A transition for two thin nematic cells of the same thickness. If the first 
cell has the substrates with perfectly flat surfaces and in second cell the substrate 
surfaca poesess a sinusoidal microrelief with period d and amplit.ude rJ0 sufficient for 
suppression of the surface - induced smectic structure, then the hedericksz critical 
field €or first cell should be larger than that  for second one. Numerical estimation 
based on the Rosenblatt's experimental data  for 8 CR [4] and our theoretical results 
shows that a t  the tctnperature about 0.2 K higher than the secotid order N - Srn A 
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STRUCTURE IN NEMATIC LIQUID CRYSTAL [685]/145 

transition point and cell thickneaa of order of - 2.5pm the Freederickse critical 
field €or the cell with perfectly flat eubstratee can be about 10 % higher tban that 
for cell with substrates having the microrelief with the amplitude Ir, z 0.02pm and 
the period d = 0.5pm. We suppose that such experimental verification could be 
rather intareding. 

4.CONCLUSION 

In  the present paper the theoretical description of the Sm A - p h w  induced 
by the dubatrate durface with microrelief in NLC near the e o n d  order N - Sm A 
phase transition point is propowd. For simplicity the microrelief is mumed  to be 
described by the one - dimcnsiond harmonic function. In framework of Laudau - 
de Gennes model the dependence of tlic surface srnectic order parameter and the 
depth of penetration of the interfacial sriiectk structure iiito thc iieinatic bulk 011 

amplitude and period of the surface microrelief are obtained. It is shown Lhat the 
suhstrate eurface deformation gives rise to the suppression of the intedacid smectic 
A - phase. Both, the magnitude of the sniectic order parameter a d  the depth of 
perief.rat.iori of the sniectic order into the iicnintic bulk decrease w i t h  incmitsing mi- 
crorelief aiiipliturle U". Wlieii the substrate stirfare uiic.rorelief is sufficiently diarp, 
the interfacial sirrectic strircture is completely suppressed. 

The effect of the interfacial smectic order on the depth of pciietration of the 
surface riricrort4ef - iiiducerl ileformatioli Ink) the snniplr bulk is also invesLigatei1. 
I t  i s  siiowii t.fi3.t o~curre~icc  of t . 1 ~  s1nec.ti.c A - st.ructurc ircar tlic sultstmtt? surf,xc. 
prornotc~ t ( j  thc prnetrstion of t,hc ~ u r f a t . ~  - jiiduced deformathi iiibo Llie rieiiistic 
hiilk. ' I ' h  tlt:pt~(ieiice o€ 1 . 1 1 ~  tlcy>th of priwt.r;itiori on arnpliti~de ant1 period o f  tlie 
suhstrat.e siirhre rnicrorelief is revealed. i t  is round that the presriicx of t h e  siirfare 
- iiiituceJ siilectic A order givcs rise 1.0 ilt:pi~iideiice of this depth im the. a.urplitirtlc 
of the siibst.ratt sirrface irlicrorelief, whiclr is a.bsent i i i  casc of p r r c  :ieinstsic p l r ~ ~ c  

Firially, it i K  proposed to use the experiirierrtal stiidy of thc Frectlrrirksz trancition 
[ i 2j. 

in thin neinakic. cells fur verification of the results obtained. 
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STRUCTURE IN NEMATIC LIQUID CRYSTAL [687]/147 

Figure 1. The interfacid sinectic order parameter profiles for various amplitudes 
of the fiubfitrate Rurface microrelief. d = 0.5pm. 1 - (10 = 0; 2 - CJ, = 0.Olpm; 3 - 
lJ[, = 0.015pm; 4 - Uo = 0.02pin. 
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Figure 2. The dependence of amplitude of the wavy LC deformation on the 
distance from the substrate surface. = O.OIpm, d = 0.5pm. 1 - the iiiterfacial 
Sm A - structure is absent ( DO = 0 ); 2 - .the interfacial Sm A - pbaae exists ( 
oo = 0.62 ). 
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0.30 -j 

[689]/149 

Figure 3. The dependence of the depth of penetration of the substrate Bur- 
face microrelief - induced deformation into LC bulk on the interfncial smeckic. order 
parameter. l f0 = O.Olpin, d = 0.5pn. 
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0.30 

Figure 4. The dependeuce of the depth of penetration of the subtrste RurfRce 
microrelief - induced deformation into LC bulk on the amplitude of the microrelief. 
d = 0.5pm. 1 - the intedacial Sin A - phase is absent ( y = 0 1; 2 - the interfacial 
Sm A - phase exists ( y = 0.1 ). 
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