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TOPOLOGICAL DEFECTS OF CHOLESTERIC L I Q U I D  

CRYSTALS FOR VOLUMES W I T H  SPHERICAL SHAPE 
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I n s t i t u t e  of Physics,Academg of  Sciences of t he  

Ukrainian SSR, 

Kiev-28 ,Prospect  Nauki 1 4 4  ,USSR 

(Submitted f o r  pub l i ca t ion  December 1 4 ,  1981) 

ABSTRACT: The ex is tence  of the monopoles both wi th  

one 1 (+2) l i n e  and two $ ( + I )  l i n e s  i n  c h o l e s t e r i c  

volumes w i t h  s p h e r i c a l  shape i s  shown exper inenta l ly  

by microscopic observat ions wi th  polar ized  l i g h t .  

The e f f e c t  of disappearance of  3 l i n e s  near  t h e  

cholester ic-smect ic  A t r a n s i t i o n  i s  discovered. 

I n  recent  time the  i n t e r e s t  has been increasing t o  

t h e  inves t iga t ions  of de fec t s  i n  c h o l e s t e r i c s  because of 

their analogy wi th  s h g u l a r i t i e s  i n  supe r f lu id  He-A and 

i n  magnetic f i e l d . I t  has been shown t h e o r e t i c a l l y  t h a t  

such d e f e c t s  ,as boojum’ ,analogous t o  boo jum i n  be-A,and 

monopole*, analogous t o  Dirac monopole ,can e x i s t  

cholester ics .These d e f e c t s  can occur i n  the  sphe r i ca l  

con ta ine r s  with t a n g e n t i a l  boundary condi t ions  f o r  mole- 

c u l a r  d i r e c t o r  d (and normal boundary condi t ions  f o r  

t w i s t  a x i s  t).The conclusion t h a t  s p h e r i c a l  shape o f  

c h o l e s t e r i c  volume anc! t angen t i a l  boundary condi t ions f o r  
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240 M. V .  KURIK and 0. D. LAVRENTOVICH - 
d promote the formation of boojum and monopole,is founded 

on the following ideas.According to the topological 

theorem,the sum of vortices' strengthes of the smooth 

(except of a finite number of points) tangential to the 

closed surface vector field (in our case - director field 
d) is defined by the Euler characteristic E of this 

surface: 

c 

E = Z  i mi 

where mi is the strength of the i vortice.For the sphe- 

rical surface E=2 and,for example,one vortice with the 

strength m=2 o r  t w o  vortices with the strengthes m = l  may 

exist on this surface.These vortices may represent 

either single surface point defect with m=2 (boojum') or 

the ends of lines starting on the centre of bulk and 

terminating on the surface of vessel (monopoles with 

3((+2) or J ( + I )  lines ).Distribution of I cholesteric 

layers for all these stmctures is shown in Figure 1 .  

2 

FIGURE 1 Distribution of cholesteric layers for 

boojum (a),monopole with one ,j (+2) line (b) 

and monopole with two J ( + l )  lines (c) 
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TOPOLOGICAL DEFECTS OF CHOLESTERlCS 241 

For  c h o l e s t e r i c s  such topologica l  i deas  a r e  t r u e  

only i n  t h e  case when t h e  h e l i c a l  p i t c h  P i a  much l e s s  

than the  c h a r a c t e r i s t i c  s i z e  o f  t he  sample ( r a d i u s  of 

sphere R).The experimental  i nves t iga t ions  of t e x t u r e s  in 

the  s p h e r i c a l  volumes were c a r r i e d  out  only f o r  t h e  case 

P/R-0.1 f o r  polypeptides’ and f o r  nematics doped by 

choles te r ics4 .These  experiments cannot give an unequi- 

vocal  ev idence , tha t  monopole o r  boojum s t r u c t u r e s  a r e  

being formed i n  the  sphe r i ca l  volumes of cho le s t e r i c s .  

I n  t h i s  a r t i c l e  i n  o rde r  t o  f ind  out experimental ly  

the  ex i s t ence  of boojum or monopole s t r u c t u r e s  i n  

c h o l e s t e r i c  l i q u i d  c r y s t a l s  we inves t iga t ed  t h e  t ex tu res  

of var ious  mixtures  of c h o l e s t e r o l  de r iva t e s  wi th  h e l i c a l  

p i t c h  0.2-2.0pm i n  the s p h e r i c a l  d rop le t s  wi th  r a d i i  5 - 
30pm.The d r o p l e t s  were d ispersed  in the  i s o t r o p i c  poly- 

mer 1iquid.The condi t ion  P / R - O . O l  was f u l f i l l e d .  

The r e s u l t s  of the  experimental  study a r e  shown i n  

Figure 2.The important elements of observed t e x t u r e s  i n  

the d r o p l e t s  ,viewed between crossed l i n e a r  p o l a r i z e r s  , a re  

f o u r  e x t i n c t i o n  ams.They a r e  v i s i b l e  both i n  p a r a l l e l  

l i g h t  beams and i n  conoscopic regime.The d i r e c t i o n s  of 

arms coinc ide  wi th  the d i r e c t i o n s  of polar izere .The arms 

do not  change t h e i r  pos i t i ons  when the sample i s  ro t a t ed  

both i n  v e r t i c a l  and ho r i zon ta l  p l a n e s . I t  means t h a t  t he  

sphe r i ca l  concent r ic  systems of  cho le s t e r i c  l a y e r s  a r e  

being formed i n  the d rop le t s .  
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242 M .  V .  KURlK and 0. D. LAVRENTOVICH 

The presence of de fec t  l i n e s  s t a r t i n g  on the 

c e n t e r s  of s p h e r i c a l  systems o f  c h o l e s t e r i c  l a y e r s  and 

te rmina t ing  on the su r face  of  d rop le t s  is the  second 

important  element of textures.These l i n e s  have the  th ick  

co res  wi th  r a d i i  r -P  and a r e  f lexible .The cores  a r e  

dark  when the  l i n e s  co inc ide  wi th  the d i r e c t i o n s  of 

p o l a r i z e r s  and a r e  b r i g h t  when they arrange i n  the  

gapping posit ions.Thi6 s u g g e s t s , t h a t  the  o r i e n t a t i o n  of 

molecules i n  cores  is  non-singular ,but  the t w i s t  a x i s  t 

conf igu ra t ion  i s  s ingu la r  and the escape of  these  l i n e s  

is  concentrated only i n  the region of o r d e r  f. These 

p e c u l i a r i t i e s  g ive  ev idence , tha t  the  observed l i n e s  a r e  

- 

represented  as  $ l i n e s  596 . 
Drople ts  both w i t h  one l i n e  and two l i n e s  were 

observed.Since there  were no more de fec t s  i n  these 

d r o p l e t s  we may def ine  the  s t r eng thes  of J l i n e s  from 

eq. ( 1 ) :  the  s t r e n g t h  of l i n e  m=2 i f  t h i s  l i n e  i s  the 

only one and m=l i f  there  a r e  two l i n e s  i n  the d rop le t .  

So , the  cha rac t e r  of t h e  experimentally observed 

t e x t u r e s  i n  s p h e r i c a l  d r o p l e t s  gives  ev idence , tha t  

monopole 8 t r u c t u r e s  may r e a l l y  e x i s t  i n  c h o l e s t e r i c s  

and r ep resen t  the s p h e r i c a l  concentr ic  systems of 

l a y e r s  w i th  one $ ( + 2 )  o r  two J (+1) l i n e s  s t a r t i n g  on 

the cen t r e s  of such systems,as i t  was t h e o r e t i c a l l y  

p red ic t ed  by Volovick . 2 
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TOPOLOGICAL DEFECTS OF CHOLESTERICS 243 

FIGURE 2 Droplets with monopole structures.In the 

l a r g e s t  droplets : monopole with one $ (+2) 

line (a) and monopole with two 3( ( + I )  lines 

( b )  .Disclinations are shown by arrows. 
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244 M. V. KUKIK and 0. D. LAVRENTOVICH 

Tex tu res , tha t  can be i d e n t i f i e d  ae boojum,were 

no t  observed.Apparently,this f a c t  i s  a consequence of 

a g r e a t  value of de fec t  energy of such s t r u c t u r e s  i n  

comparison wi th  the  energy of monopoles7. Rea l ly ,  the 

equ id i s t an t  condi t ion  f o r  the  c h o l e s t e r i c  l aye r s2  i n  

boojum s t r u c t u r e  is  v io l a t ed  (F igure  la)  and the  system 

of  d i s c l i n a t i o n s  must occur  as i n  the  Grandjean-Can0 

s t ruc tures .This  system cons i s t s  of 2N closed l i n e s  

(N i s  a number of c h o l e s t e r i c  l a y e r s  i n  the  d r o p l e t )  

and i t s  energy can be estimated8 as 

where K i s  an average of the Frank ' s  e l a s t i c  cons t an t ,  

a ,  i s  a r ad ius  of d i s c l i n a t i o n  core-The p rese rva t ion  of  

equ id i s t an t  condi t ion  i n  the case  of monopole s t r u c t u r e s  

(Figure l b , c )  l eads  t o  the more low values  of de fec t  

energ ies  ,- 
E2 - 4!EKRln(R/a2), 

E3 - 2sKRln(R/a3) , 

f o r  monopoles wi th  3 (+2) l i n e  and two 3 
r e  spec t i v e l y  . 

( + I )  l i n e s  

It i s  i n t e r e s t i n g  t o  n o t e , t h a t  by cool ing the  

d rop le t s  wi th  inc reas ing  of P ( t o  va lue  P/R-0.1)  nea r  

t he  c h o l e s t e r i c  - smectic A t r a n s i t i o n  we observed the  

e f f e c t  o f  disappearance of  7 l i n e s :  from t he  cen t r e s  of 

d r o p l e t s  t h e i r  ends have been s t r i v i n g  t o  the  Burface, 

i .e .  the  l i n e s  "escape" i n  the  t h i r d  dimension no t  only 
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TOPOLOGICAL DEFECTS OF CHOLESTERICS 245 

F I G U R E  3 The e f f e c t  of disappearance o f  3((+2) l i n e  

from t h e  nematic viewpoint6 ,but  from choles t e r i c  one 

a l s o  (F igure  3a) .Fomal ly  t h i s  is  reminiscent o f  t he  

t ransformation of monopole s t r u c t u r e  i n t o  boojum one, 

but boojum i s  n o t  formed because of the  t a n g e n t i a l  

o r i e n t a t i o n  of t i n  t h e  v i c i n i t y  of the  l i n e  e x i t  on 

the d r o p l e t  surface.As a r e s u l t  of t h i s  process  the  

s t r u c t u r e  wi th  p l ana r  o r i e n t a t i o n  of c h o l e s t e r i c  

l age r s  is formed (Figure 3b). 

- 

So,we can make such conclusion: monopole s t r u c t u r e s  

both wi th  ~ ( + 2 )  and ? ( + 1 )  l i n e s  may r e a l l y  e x i s t  i n  

c h o l e s t e r i c  l i q u i d  c rys ta l s .The  exis tence o f  boojum is 

l e s s  probable.  f l i n e s  may d isappear  near  t h e  choleste-  

r i c  - smect ic  A t r a n s i t i o n .  D
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