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PHYSICAL PROPERTIES OF TPOPOI;OGICAL DFJ?ECTS 
I N  HYBRID ALIGNED NEMATIC FILMS 

OoDoLAVmTOVICH 
I n s t i t u t e  o f  Physics 
Ukrainian SSR, Kiev-28, pr.Nauki, 46, U.S.S.R, 

Abstract Topological defects i n  thin nematic 
f i l m s  with d i f f e ren t  and degenerate 
of the d i rec tor  on the upper and lower surfaces 
have been investigated. H i g h  s t rength defects  
with nonuniform deformations of the d i r ec to r  i n  
horisontal  plane, strings connecting p a i r s  of 
defects and d i f fe ren t  periodic s t ruc tures  have 
been described, 

Academy of  Sciences o f  the  

or ien ta t ion  

IN'PRODUCZION 

Topological defects i n  the d is t r ibu t ions  of order para- 
meter are extremely important subjects of  research i n  
various branches of physics, Some c l a r i t y  has now been 
achieved i n  the classi f icat$on of  these defects f o r  
i n f i n i t e l y  large volumes. On  the other  hand, the phy- 
s i c a l  properties of defects located i n  bounded volumes 
have received l i t t l e  study. These properties are  gover- 
ned, i n  par t icular ,  by the nature o f  boundary conditi- 
ons and the  balance between the energetical  parameters 
such as anchoring energy and e l a s t i c  constants. Up t o  
the present studies have been made f o r  l iqu id  c rys t a l  
i n  cap i l l a r i e s  and spherical  drops.' Bounded geometry 
of  cap i l l a r i e s  and drops provides the s t a b i l i t y  o f  to- 
pological defects i n  a t r i v i a l  manner. In  t h i s  paper 
we report  some re su l t s  of  the invest igat ion of  the 
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78 0.D.LAVRENIPOVICH 

defects i n  th in  f i l m s  of hybrid aligned nematic with 
degenerate boundary conditions (HAND f i l m s ) .  It i s  
shown that  some properties of defects i n  t h i s  geometry 
are unexpected and such objects as high strength de- 
fec ts ,  s t r i ngs  and periodic domain s t ructures  can exis t .  

To provide the above mentioned b undary conditi- 
ons, we deposited the  nematic f i l m s  on the surface of 
isotropic f l u i d  (glycerine, for example), which imposed 
degenerate tangential or ientat ion o f  the d i rec tor  h a t  
the lower boundary o f  the f i l m .  The upper boundary w a s  
l e f t  free;  since we were studing compounds MBBA, 5CB 
and ZhX-440, the or ientat ion of was nearly normal. 

HAND films with thickness h (1 pm 5 h L, 20 JJU) exhibi t  
unusual textures which contain a r i c h  array of s ingular  
points. It was founded by observations under polariaing 
microecope t h a t  these points correspond t o  defects with 
topological charges (strengthes) m = 0, 21, 22, 23,etc. 
It is very important, t h a t  the d is tor t ions  of the di- 
rector  are dis t r ibuted nonuniformly i n  the f i l m  plane. 
Namely, inside one sec tor  ( @_Lg ~ 2 %  ) the d i s t r ibu t i -  
on is rad ia l ,  as f o r  m 1 defect. The scarc i ty  of the 
director  revolution6 up t o  1.1 7 1 is f i l l e d  up i n  the 
remaining narrow sector  ( O ~ T *  6 1. mese configura- 
t ions may be writ ten approximately a8 

~nCO80(a)COsM~, n =cos0(a)sinMg, n,=-sin0(z), (1) * Y  

the the angles between5 and the normals t o  the lower 
and upper surfaces (axis a), respectively. Optical and 
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TOPOLOGICAL DEI%XX!S I N  HYBRID ALIGNH)  NEMATIC I9 

e l a s t i c  properties of these defects  w i l l  be discussed 
eleewhereo2 In t h i s  paper we i l l u s t r a t e  the  s i t ua t ion  
only f o r  s ingular i ty  with m = 2 (Fig.I), With t h i s  
purpose l e t  us compere the elastic energies o f  some 
possible d i rec tor  configurations i n  HAND f i l m s ,  

E l a s t i c  energy of m II 2 defect  with t r i v i a l  (uni- 
formly deformed) s t ructure  ( M  = 2 i n  the whole aaimu- 
t h a l  plane 0 5952%) i n  one-constant approximation i s  

F2 =&Kh(q 2 2  R +41n(R/rc))/2 + Fc 

( R is the radius of  the f i l m ,  rc,Fc are the  radius 
and energy of the defect core, respectively), F2 is 
greater  than the e l a s t i c  energy Fo of the uniform sta- 
t e  w i t h  M = m = 0 : 

2 2  = SKhq R /2. FO (3 )  
However, F2 may be considerably reduced i n  the case of 
complex defect s t ructure  (1) with M = 1 inside sec to r  
( a 5 9 . g  24 ) and with M = m i 2  inside sector  ( O C ~ Q ~ ) :  

L - 2qR(1- )1 + Fi . (4) 
J 

EQuilibrium value of Q 0  one obtains by minimizing FS: 

An analysis of Eqs.(3)-(5) leads t o  the conclusion that 
f o r  suf f ic ien t ly  la rge  R/h defect. s t a t e s  with complex 
s t ruc tures  are energetically preffered even than the 
uniform s t a t e  of HAND f i l m :  F$( Fo. This r e s u l t  is a 

i f  the boundary conditions force a var ia t ion of 3 i n  
one direct ion,  than a variat ion of  ?i i n  another direc- 

consequence of the  principle of splay cancelling: 3 
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a 

b C 

FIGURE 1 Defect with strength m = 2: a) texture 
o f  DHAN f i l m  of 5CB on glycerine; b)  schematic 
representation of defect structure; c) projection 
of director f i e l d  onto the horisontal plane. 
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!TOPOLOGICAL DEFEC!CS IN HYBRID ALIGNED NEMATIC 81 

t i on  can lead t o  a cancellation of splay contributions 
i n  e l a s t i c  energy, This pr inciple  may be i l l u s t r a t e d  by 

the pr incipal  r a d i i  of  curvature.’ As a consequence,the 
e l a s t i c  energy can be reduced when R1%<0.  This is 
exactly the s i t ua t ion  of r ad ia l  type d i s t r ibu t ion  ins i -  
de one sector  of the complex s t ruc ture  of high strength 
defects, where R,,R24 0 (Fig.lb). The presence of t h i s  
sector  saves the t o t a l  energy of  high strength defect. 

rewri t t ing (divn) + 2  as (1/Rl+l/R2)2, where R1 and % are  

STRINGS 

In  t h i n  DHAN films (h - 1 O P m )  neighbouring singulari-  
t i e s  of  opposite signs are connected by s t r ings ,  i n  
which the nonuniform dis t r ibu t ion  of d between defects 
is stretched out, Figs.la,2, S t r ing  is  seen as 4 para l -  
l e l  brushes i n  polarized l i g h t  due t o  the f a c t  t h a t  n 
undergoes a rotat ion through 2% within t h e  s t r i n g  
width D. Approximately, 

=cosqzcospy, n =cosqzsinpy, nz=-sinqz, ( 6 )  
nX Y 

where p = 2S,/D. As time elapses, defects c lose on each 
other along the s t r ing ,  The closing velocity V does not 
depend on the distance L between defectsO4 The dynamics 
of the s t r i n g  is  ruled by the l a w  o f  the in te rac t ion  of  
two point sin-arities. E la s t i c  energy Fst of s t r i n g  
with d i s t r ibu t ion  (6) i s  

Fst = X2KL(D2 + 8h2)/8Dh. (7 1 
It fo l lows  from I@.(?) t h a t  the force of in te rac t ion  of 
point defects i n  HAND f i l m  does not depend on the  sepa- 
ra t ing distance. It is  t h i s  circumstance that  explains 
the experimental data  V = const. Really, from the equa- 
t i on  of motion 
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FIGURE 2 Decorated sample of HAND f i l m  with 
string connecting defect m = 1 and ant idefect  
m .I -1. !Che chaina run along l i n e s  of the direo- 
t o r  on tangentially anchored lower surface of 
HAND f i l m .  

= 8DV, (8) 
where I( is effect ive or ientat ional  v i sc i s i t y ,  one can 
f ind  the defect closing velocity 

V = Z2K(D2 + 8h2)/8 6 D2h, (9) 
which does not depend on L. 

We wish t o  stress the importance of  the three- 
dimeasional nature of the deformations of 5 i n  t h i n  
HAND films f o r  the appearance of  s t r ings.  I n  thick 
f i l m s  (h-50j.bm) strings were not observed; furthermo- 
re ,  s t r i ngs  were not observed i n  samples of any thick- 
ness i f  the boundary conditions were the same. The ex- 
planation apparently l i e s  i n  the  two-dimensional natu- 
r e  of the  director  f i e l d  i n  these samples. 
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TOPOLOGICAL DEFECTS I N  HYBRID ALIGNED NEMATIC 83 

PERIODIC STRUC'PUHES 

Being able t o  form the periodic spatial  s t ructures  
e i t h e r  due t o  specif ic  intermolecular interaction8 
(cholesterics,  smectics, blue phases) o r  under the 
action of external d i rec t ive  forces ( f o r  example, 
electromagnetic f i e l d )  i s  one of the most important 
properties of l iquid crystals.  We have experimentally 
discovered the periodic s t ruc tures  i n  the t r a n s l a t i o -  

The observations under polarizing microscope revealed 
one- and two-dimensional periodic s t ruc tures  i n  very 
th in  ( h S  I p m )  HAND f i l m s ,  One-dimensional structu- 
r e s  were observed and theore t ica l ly  described i n  
Ref.5. It was shown tha t  the uniform s t a t e  of HAND 
f i l m  f o r  which the d i rec tor  has been assumed t o  be 
deformed only i n  ve r t i ca l  plane, can be unstable with 
respect t o  the deformations i n  horisontal  plane. The 
main reason f o r  the formation of one-dimensional stri- 
pe domains i s  the smallness of  the t w i s t  e l a s t i c  cons- 
tant . 

nal ly  symmetric nematic phase wi th  no external f i e ld .  5 

Two-dimensional s t ruc tures  are too complicated 
f o r  a description, There a re  two types of two-dimen- 
sional s t ructures:  (1) nonsingular one, which can be 
smoothly transformed in to  one-dimensional s t r i p e  
s t ructure  and ( 2 )  singular one, consisting of l a t t i c e s  
of m I +I and m = -1 defects,  Fig.3, Physical nature 
of these s t ruc tures  m a y  be caused by both the balance 
of e l a s t i c  moduli and the splay cancell ing principle.  D
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84 0- D-LAVRENICOVICH 

b 

FIG= 3 Two-dimensional periodic structures 
in HAND f i l m  (WB on glycerine) with nonain@;ular 
(a) and singular (b) distributions o f  the 
director. 
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