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FILLING OF SPACE BY FLEXIBLE SMECTIC LAYERS 

0 D LAVRXN'POVICH 
I n s t i t u t e  of Physics,Ukrainian Academy of Sc., 
Kiev, USSR 

smectic A layers  i s  proposed. For l a rge  sca les  
r> r  the  f i l l i n g  i s  produced by an i t e r a t i v e  
syst8m o f  foca l  conic domains of consequently 
decreasing sizes.l?he s i z e  of the base of the  
smallest  domains i s  roo !Phis s i z e  i s  governed 
by geometry of system, splay e l a s t i c  constant, 
and surface tension anisotropy.l?or re r a l l  
the remaining i n t e r s t i c e s  are  f i l l e d  w i e h  
layers  of spherical  curvature. 

Abstract A model o f  f i l l i n g  of space by 

Quite a number of physical  systems, t he  simplest  
o f  which is  a smectic A l i q u i d  c r y s t a l  Sm A, 
possess s t ruc tu res  consis t ing of equid is tan t  f l e -  
xible layers ,  If S m  A is located within a bounded 
volume, then the layer  d i s t r ibu t ion  is  governed 
not only by the  constant thickness condition, but 
a l so  by the  boundary conditions, I n  the  general 
case, these conditions a re  s a t i s f i e d  simultaneous- 
l y  due t o  the  or iginat ion of  defects :  wal l s , l ines ,  
and points.  However, observations of Sm A t ex tures  
reveal only l i n e s  and points .  The l a t t e r  a re  asso- 
c ia ted  w i t h  t w o  classes  of  equidis tant  surfaces ,  
namely, the Dupin's cycl ides  and the  concentric 
spheres. !The cyclides l i e  within cones of revolu- 
t i o n  which a r e  referred t o  as foca l  conic domains. 

Bough the  h is tory  of the  problem is  long, no 
f i n a l  understanding i s  s t i l l  achieved of how the 

417 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



418 0. D. LAVRENTOVICH 

domains shaped as revolu t ion  cones and, perhaps, 
as spheres can continuously f i l l  t he  space. 

As it was shown by W.I;.Bragg , f o r  rea l i s t ic  
samples t h i s  problem reduces t o  t he  problem o f  
f i l l i n g  the  piramids. According t o  t h e  b a s i c  i t e -  
r a t i v e  f i l l i n g  model of R.Bidawc e t  a le2 ,  i n  order  
t o  f i l l  a volume of  piramid, one beginswith one 
cone of  maximum s i z e ,  then  f i l l s  the  remaining 
i n t e r s t i c e s  with smaller cones,etc.,down t o  t h e  
molecular length.  In  the  second model, proposed 
by J,P.Sethna and M.;C;l&man , a smooth t r a n s i t i o n  
between cones i s  provided by a system o f  l aye r s  
of  spher ica l  curvature centered. on the  common 
apex of  domains and the  piramid. 

r e s u l t s  obtained i n  terms of  our  recent  
The f i l l i n g  pa t t e rns  are shown t o  be d i f f e r e n t  
f o r  s ca l e s  smal le r  and g r e a t e r  than  some c r i t i c a x  
s c a l e  ro .  

For l a rge  sca l e s  L = - r > r o ,  where L i s  the  
c h a r a c t e r i s t i c  s i z e  of  t h e  system, t h e  f i l l i n g  i s  
produced by an i t e r a t i v e  system of f o c a l  conic 
domains of consequently decreasing s i z e s .  The s i ze  
of the  base o f  t he  smal les t  domains i s  roo For 
smaller  s c a l e s  r< ro we introduce, i n s t e a d  of 
t h e  foca l  conic  domains kierarchy,new type of  
packing: a l l  t h e  remaining i n t e r s t i c e s  a r e  f i l l e d  
with l aye r s  of spher ica l  curvature .  

To comprehend q u a l i t a t i v e l y  the  phys ica l  na- 
t u r e  of t h e  f i l l i n g  p a t t e r n  proposed, it is suf- 
f i c i e n t  t o  po in t  out  two f a c t o r s  whose competiti- 

1 

3 

I n  t h i s  cont r ibu t ion ,  we give account of t he  
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FILLING OF SPACE BY SMECTIC LAYERS 419 

on determines the equilibrium value of ro.?2he 
first f a c t o r  i s  the difference of e l a s t i c  energies 
of the two types of packing. The e l a s t i c  energy 
p e r  un i t  volume is  determined by the  values of 

2 the  main r a d i i  o f  layer curvatures: g&(l/Rq+l/R2). 
For spherical  curved l aye r s  Rq c R2>0, whereas 
Rl and R2 have d i f f e ren t  s igns f o r  Dupin’s cycli-  
des and thus the e l a s t i c  energy can be reduced. 
However, t h i s  reduction may be prevented by the  
second f a c t o r ,  namely, the  difference i n  the sur- 
face energies of regions with spher ica l  packing 
(molecules a re  e i t h e r  normal o r  i nc l ine  t o  the 
basal  plane) and foca l  conic packing (molecules 
l i e  i n  the basal plane),see Fig.l.Minimizing the 

FIGURE 1. Distr ibut ion of  l ayers  within piramid 
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420 0. D. LAVRENTOVICH 

sum of e l a s t i c  and surface energies y i e lds  the 
equilibrium value of ro 

aL 
b + A 6 L / K  ro = 

where a and b are numerical constants gover- 
ned by the geometry of the  system (4-10), K is  
the splay e l a s t i c  constant,  and A 6  o b~-6,, is  
the surface tension anisotropy: EL i s  the surfa- 
ce tension a t  the boundaries of  regions with sphe- 
r i c a l  packing, 6,, is  the  surface tens ion  at the 
boundaries of regions f i l l e d  by Dupin's cyclides. 

The bas ic  feature  of mode1,the macroscopic 
character of ro, is  shown experimentally by nume- 
rous S m  A textures.  For example, the  polar iz ing 
microscope photographs i n  Fig.2 unquestionably 
show the la rge  c l ea r  gaps between the  bases of 
foca l  conic domains (FigO2a:C# O-$-C2N=CH-a-C$,s 

" c 5 5 O C ;  Fig.2b: CF30-@-CN=N-@-C4H9, t=45°C) .These 
gaps are f i l l e d  with spherical  l ayers ,as  it follows 

4 from the op t i ca l  pat terns .  
As L increases,  ro asymptotically tends towards 

a constant value a K / A 6  , and t h i s  is confirmed 
by experiment,see Fig.3.Also we f ind  t h a t  ro in- 
creases by more than I 0  times a t  phase t r a n s i t i o n  
S m  A - S m  B,  due t o  the  increasing of K i n  accor- 
dance with (I), Fig.40 

As follows from (l),the f i l l i n g  pa t t e rn  is 
very sens i t ive  t o  the  surface tension anisotropy. 
If AG<-bK/L, then no i t e r a t i v e  system of  focal  
conic domains appears. For A 6  > -bK/Ii, an ener- 
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FILLING OF SPACE BY SMECTIC LAYERS 42 1 

FIGURE 2. Sm A textures: spherical drop freely s u e  
pended i n  glycerin-lecithin matrix (a) and flat 
capillary coated by indicated matrix 
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422 0. D. LAVRENTOVICH 

1 I I I 

100 200 300 I 

FIGURE 3. C r i t i c a l  radius ro, versus sample 
thickness I;. CHF20-pI-CH-N-@-C H t=40°C,  
Sm A w a s  placed i n  wedge sample between pla- 
t e s  coated beforehand by a layer  of glycerin.  

4 9 ,  

ge t i ca l ly  favourable phenomenon occurs: there  
or ig ina tes  an i t e r a t i v e  system of focal  conic do- 
mains, the base radius  of t he  smallest  of these 
being equal t o  roo As A6 increases ,  the  c r i t i -  
c a l  radius consequently decreases from r:=d L 
t o  rFn of the order  of magnitude of molecular 
length. !Che l a t t e r  l imi t ing  case reproduces the 
r e s u l t s  of Ref. . 
l a  (I) can be used t o  estimate the  A6' value,  
which is an important cha rac t e r i s t i c  of  S m  A sur- 
face.For S m  A - glycer in  in t e r f ace  a t  l a rge  L, 

f!5Zln(Z/rc), where 5 and rc a r e  the cut-off para- 
meters for focal conic domains. If K 
we would have A6'40 '5  N/m9 at S m  A - glycer in  
in te r face ,  

2 

If the pmameters of model a re  known, formu- 

= a K / ~ 6  4 2 0 ~ ~ 1 ,  see Fig.3. a is defined as rO 

I 0  -11 N,8"/20, D
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FILLING OF SPACE BY SMECTIC LAYERS 

FIG= 4. Disappearance of small focal conic 
domains during Sm B - Sm B transition. 
CHF O-~-C€i=N-fd-C,Hq, t=W°C (a), t=20°C (b) . 
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424 0. D. LAVRENTOVICH 
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