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ALIGNMENT OF MEMATIC AND SMECTIC LIGUID CRYBTALS

GERD HAUCK and HANS DIETER KOSWIG
Ientralinstitut fir Elektronenphysik,

fkademie der Wissensechaften der DDR, Berlin, G,D.R.

fbstract Some remarks on the slignment of nematics
are given. The orientation of smectic A-liguid crystale
at different surface pretilt angles and for variable

laver thickness has heen studied.

INTRODUCTION

alignment of liguid crystal (LL) phases 15 a fundamental
question for well defined physical investigations and  for
applications in electro-optical devices. Although sany re-
sults in this field has been published during the last
years' and the alignment technology for nematic LCs iz well
establizhed in the producticn of LC-devices many questions
are open and arise =gain at the smectic phases. We gresent
some new rezults on the alignment of nematic and smectic LLs
which =show thst it {s neceseary to include into considera-
tions of this arobles more detailed inforasations on  the
nature of the LC-melecules, on the structure and thehaviour
o«f the orientational lavers and on the interaction between
the LLC-molecules and the material of the orientaticnal

layere
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HEMATIC PHARGE

The obligque vacuum deposition of anorganic materials and the
cocating with silan or polymer compounds with an  additionsl
rubbing or streching procedure are the well accepted align-
ment techniques for nematice. Thecse technigues produce &
homogeneous alignment for planar, tilted and homeotropic
erientaticn. The resulte depend on the materials, not only
on the material of the orientational layer, but alspo on the
properties of the LC-mplecules. At the time, the obligue
deposition technigue is the only one which is able to rea-
lize every desired tilted structure. The results of diffe-
rent alignment technigues has heen cften interpreted by a2
wavy surface topography with a preference of a special
direction determined by the alignment process. Depending on
the special structure of the grooves, the anisotropic nema-
tic fluid assumes an oriented state of lowest free elastic
energy, without any elastic strains inside. This meanc, the

by
the =pecific surface topography. The geometrical size of ths

director arrangement of the nematic system is determined

i~

tC-molecules is emall in comparison with the dimensions of
the grooves at the surface. An average process takes place
which produces, through the regicon determined by the pene-
tration lenagth®, an uniform crientation in the bulk of the
nematic phase .

Far polar cyanc-hiphenyl compounds the obligue Si0.-
deposition®™ gives, dependent on the deposition angle g s B
alanar meolecular arvangement or a3 tilted one with a tilt

angle y (measured 4rom the projecticn of the depositien

direction onp the substrate) of about 20 - 484", asz sheown in
Figure | for the miwture E% {(BDHY*, With = double ohligue
deposition it is possible to induce low tilt angles™. High
tilt or thomeoiropic orientation are not possible inp thisg

way. However, fo n of A1..0. we got  high
tilted and homectropically oriented LC-layers (Figqure 1)%,
n Q

wr has  kesn normally
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FIGURE 1, Tilt angle op ohliguely deposited layers.

related to the differences in the surface topography: groo-
ved surfaces or eleongated structures for the amorphous Gil
and a microcrystalline structure for AlaOx, typical alsc for
ather strong ionic compounds,

However , the oblique deposition of metallic Al produces
& surface structure which is similar to that of 5i0x7. But
the onide at the curface of a very thin Al-layer f{thickness
3 nm} induce alsp a high tilt arrangement for the same polar
nematic compound {Figure (), Therefore, it is not only the
rooved curface that determines the orientation of the nema-

ic «compound. We have to assume an additiopal interaction

[l ol 1343

proctess  probably connected with the polar CN-groups of  the
nematic molecules and the specific molecular arrangement of
the orientational laver.

Systematic dinvestigations show that the alignasent pro-
perties will be determined, at first, lacally by the speci-
fic interaction mechanism hetween the LC-molecules and  the
curface "material., The wavy surface structure stabilize or

destahilize this leocal wrientatien by the anisptropic elas-
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tic strains, The bulk orientation results from the averaging
of the local order., This effect will be strong in polar com-
nounds  and for strong interactions to the material of the
orientaticnal layer. Further work i= in nprogess to  get
better insight in the stabilizing/destabilizing influence of
the grouved surface.

Qur resulte has been confirmed by investigations using
Langmuir-filme for the alignment® %, These films show & high
order in the molecular arvangement of amphiphilic gpolymers,
Mo special grooved surfaces have to be used to explain  the
erienting action of such films, It results only from  the
distinguished ppsiticen nof special molecular groups in the
film through a distinguished direction for the interaction

with the LC-molecule.

SMECTIC FHASESR

The arientational behaviour of smectic liguid crystals is
much aore complicated, although, in principle, all alignment
techniques from the nematice can he used. These difficulties
arise from the layer structure of smectic phases  and the
specific molecular arrvangement inside the layer. In  layer
systems as smectic A, the aplecular orientaticn is perpendi-
tutar to the layer and, therefore, the pesition of the layer
is given by the molecular crientation, In tilted phaces,
such as esmectic £, the orientation have to be discussed
seperately for the molecules and for the layer.

We restrict ocur consideration to =mectic A. A planar fA-
phase-configuration ic  given by a planar orientation of
molecules and  a perpendicular order of the layers te the
suhstrate, The formation of the smectic & phase will bhe
realizred by decreasing the temperature from the nematic
state through the transiticon point, Vacuum deposition tech-
nigues have to be used to get exact plapar texture in  the

nematic case, MWe investigated the cooling process by cbhser-
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vation of the texture and by the measurement of the amean
tilt angle @ of the molecules to the substrate. The LC-

compounds with nematic and smectic A phases used were:

K24:

d-gyanc-4 ' -n-octylbiphenyl (BDH)
MPOOR:

4-pitrophenyl 4'-p-priylovybenzoate {MLU Halle)
HOPROR:

4-n-hexylonyphenyl 4 '-n-decyloxybenzoate (MLU Halle)

At exact planar orientation we observed some degrees
belew the +transition point a change from a homogeneous
olanar texture of the A-phase to a2 planar one with parallel
disclination lines, <chown in Figure 2. These lines separate
planar woriented areas which exitaticn osositions  hetween
crossed  pelarizers differ by abput 29, This tenture is
connected with the evolution of cyelides., These areas could
he observed after increasing the temperature above the tran-
gition poipt alsc ip the nematic phase, without 3 changs of
the planar arrangement. This behaviowr was independent of
the LC-layer thickness in the range of d = { - 20 AT The
distance between the disclination lipes increaces with the
increase of thichness,

This picture is changed drastically if we investigate
structures with surface tilt, The results can be summarized:
~The change of tilt zngle =t the transiticon from the nematic

to the smectic A phase is discontinucus,
~In the smectic A phase the tilt angle is smpaller than in
the nematic phase.
~The decrease of the tilt angle 2t the transition depends on
the value of tilt 1in the nematic phase -~ for lower values
the decrease is higher.
~The decrease of tilt at the transition depends on the mole-
cular structure,
~The texture in the smectic A phase shows & thickness depen-
dence,

Starting with =& nematic structure with low tilt we
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higher tilt angles the density of defects shows

increase. Moreover, the formaticon of texture

441

a fur~

hecomes

dependsnt on  the thickness: At small layer thickness no

i
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defined tewture is visible (Figure 4) and at a higher cne =

chevron-like attern could be cbserved ({Figure 5), This
g

o er
kehavigur is also shown in Takle 1,

THELE 1, Testures for different tilt apgles and

layer thickneces.

d i) P ¢ o1an Y o207
15 lines without
w7 lines chevron-like

& comparizon between the tilt angles at room  tempera-
ture is given for ES {nematic) and for K24 {emectic A} in
Table 2, The corientational layere for corresponding samples
has heen prepared in the =ame manner. Both compounds are
cyano-biphenyls, similar each other. The smectic A phase has
everywhere the smaller tilt, and this decrease is more

developed at lower values of tilt. The change of the tilt

n
e
[
ot

t
angle at the +first cooling of a K24-sample dis chown in
fFigure 4. Th

t

t angle in the nematic phase is in the same
range as at of a correspending sample with £ at  room
temperature, Ry increasing the femperature above the transi-
tion point again, we got higher tilt angles in the spectic
and, alsa, in the nematic phase. In the nematic phase we
could now chserve the texture described +for  the s=mectic
hut with a somewhat ssaller contrast, up to the tran-
sitioen to the isctropic phacse, e jump of tilt &t the

El

Th
ition depends on the LC-compound, In HOFDOR it is about

=
Bl
ot

TABRLE 2. Tilt angles for ES {(mematic) and KI4 (=smec-

tic) at room temperature,

compound tilt angles (deg.!
ES a 15 21 27 S
k24 2 3 12 24 29
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FIGURE &, Mean tilt angle versus temperature for K24,

From the experimental ohservations we wmust conclude
i

A

that in tilted smectic & phases irreversible rearrangements

of the molecules have taken place at the surface which can
not heen destroyed in the nematic €. This gives a change

of the local erientaticn, and, &z a conseauence of the
average process, we can cheserve a higher tilt angle alsa in
the nematic phase. From this model we have to accept that

b

e
(34

irreversible rearrangesent takes place within the pene-
tration length of the smectic A phase which is greater than
that in the npematic phase®, The main part of this rearrange-
ment has to be located immediately in the surface region
hecause the textures exist alsec in the nematic nhase,

The change of the tilt in smectic A phases apd the
thickness dependence of the texture yield further consegquen-
ces in our understanding of alignment. If we assume strong
anchoring conditien for the molecules at the surface, we
have to accept a csplay deformation of the smectic layer in

the =urface region to realize a smaller mean tilt angle.
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thickness the elastic energy of the =mectic A laver prevente
forpation, A tilted lasyer structure results, as
can he ceen in the disclination~-free homogenecus  tenwture.

Above the «critical thickneces the splay deformation in  the

[g]

surface region ewicts, and the emectic A layer tendc in the
aiddle of t

Wealk ancheoring effects may he another way for  the
£t

ke csample to a more perpendicular positiaon,
discuzslon 2 he evperimental resuylts, But further investi-~
gatipns are nececcary to give more insight in the nmechanisnm
ot orientation and, alsa, in its correlation to special

anchoring conditicons,
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