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Abstract: A model of  t he  so-called Blue Phase of 
cholesterogenic l i q u i d  c r y s t a l l i n e  systems i s  proposed 
with the molecular axes incl ined t o  the  h e l i x  axis  by 
a c r i t i c a l  angle of 54.74". This model r e s u l t s  i n  a 
spherical  r e f r ac t ion  i n d i c a t r i x  compatible with the  
lack of birefringence as w e l l  as with the cholester ic-  
l i k e  o p t i c a l  p rope r t i e s .  

1-4 In  several  preceding papers w e  have reported t h a t  
some o p t i c a l  p rope r t i e s  of the two d i f f e r e n t  polymorphic Blue 
Phases(BP) of cholesteryl  e s t e r s  and o the r  cholesterogenic 
systems characterized by small h e l i c a l  pi tches  are q u i t e  
s imi l a r  t o  t h a t  of the corresponding cho le s t e r i c  state. The 
BP exh ib i t s  (i) anomalous o p t i c a l  rotatory dispersion (ORD) , 
(ii) s e l e c t i v e  r e f l e c t i o n  (SR)  of c i r c u l a r l y  polar ized l i g h t  
of  t he  same sense as i n  the  cho le s t e r i c  s t a t e ,  (iii) angular 
dependence of S R  following the same Bragg-like r e l a t i o n  as 
known f o r  c h ~ l e s t e r i c s , ~  and ( i v )  Can0 l i n e s  i n  a wedge-shaped 
sample6 as found i n  cholester ics .  

These r e s u l t s  led us t o  t h e  conclusion t h a t  the two 
d i f f e r e n t  Blue Phases (BP I and BP 11) we are a t  
l e a s t  nothing but  thermodynamically s t a b l e  v a r i e t i e s  of the 
well-known cho les t e r i c  state. On the other  hand, cho le s t e r i c  
and BP s t a t e  show a s i g n i f i c a n t  difference i n  o p t i c a l  double 
r e f r ac t ion :  cho le s t e r i c  phases a r e  (negatively) b i r e f r ingen t  
(An < 0 )  whereas BP a r e  not (An = 0 ) .  "' It  should be men- 
t ioned t h a t  f o r  t he  high temperature BP I1 t he  l ack  of 
birefringence i s  not e n t i r e l y  va l id  up t o  date because of i t s  
very small temperature range of existence.  

* 
On leave of absence from the  I n s t i t u t e  of Molecular Physics, 
Polish Academy of Science, Pozna6. 
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Whereas ORD and SR r e s u l t s  i nd ica t e  an anisotropic  h e l i -  
cal molecular arrangement i n  t h e  BP state'  t he  lack of 
birefringence on the  o the r  hand has been discussed t o  be the 
r e s u l t  of a random d i s t r i b u t i o n  of h e l i c a l  axes.' Different 
tilt d i r ec t ions  of h e l i c a l  axes with respect  t o  t h e  incident  
l i g h t ,  however, would lead t o  a considerable broadening of the 
S R  bands5 which have been scanned by transmission measure- 
ments. Therefore, t he  assumption of globular screw-like 
s t ructured assemblies ' i s  not compatible with our experimental 
r e s u l t s  of very sharp S R  bands. The same seems t o  be due t o  
the cubic l a t t i c e  model proposed by Saupe. The aim of t h i s  
l e t t e r  i s  t o  explain t h i s  seeming contradict ion i n  o p t i c a l  
p rope r t i e s  by a simple model of molecular o r i en ta t ion  within 
the  BP state. 

According t o  t h e  model of de V r i e s '  i n  cho le s t e r i c  phases 
the  average d i r e c t i o n  of t he  molecular long axes always i s  
perpendicular t o  the  h e l i x  ax i s  leading t o  an ob la t e  refrac-  
t i o n  i n d i c a t r i x  (An < 0) with an o p t i c a l  a x i s  p a r a l l e l  t o  t he  
h e l i x  ax i s .  In  compensated cho le s t e r i c  mixtures with nematic 
p rope r t i e s  t he  i n d i c a t r i x  turns  t o  a p ro la t e  one (An > 0 ) .  
The question a r i s e s  i f  any molecular arrangement i s  possible  
leading t o  a spherical  i n d i c a t r i x  (An=O) with o p t i c a l  iso-  
tropy but  preserving the  h e l i c a l  s t ruc tu re .  I t  can be e a s i l y  
shown t h a t  t he  negative i n d i c a t r i x  of cho le s t e r i c s  changes t o  
a pos i t i ve  one i f  t he  tilt angle 0 of the  l o c a l  d i r e c t o r  
against  t he  h e l i c a l  a x i s  decreases from 90' t o  zero. 

According t o  the  model of de Vries i n  cho le s t e r i c s  the 
l o c a l  d i r e c t o r  l i e s  perpendicularly t o  t h e  h e l i c a l  a x i s  
(0 = 90'). 
uniaxial  t he  p r inc ipa l  values n1 and n2 of t he  r e f r a c t i v e  
index p a r a l l e l  and perpendicular t o  the  l o c a l  o p t i c a l  a x i s  are 
r e l a t ed  t o  t h e  experimental indices  of t h e  ordinary and extra- 
ordinary rays n and n respect ively,  by 

0 e '  

A s  t he  l o c a l  o p t i c a l  symmetry i s  approximately 

2 1 /2  1 n = [-(n + n 1 1  
0 2 1  2 

n = n  e 2' 

The de V r i e s  model of cho le s t e r i c s5  can be extended by 
introduct ion of a var iable  tilt angle 0 between the l o c a l  
d i r e c t o r  and the  h e l i c a l  ax i s .  I f  0 decreases (0  < 90') it 
can be derived from Fig. 1 t ha t  eqs. (1) and (2 )  change t o  
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P -  

t 
Figure 1 Figure 2 

Influence of t h e  tilt angle T i l t ed  h e l i c a l  s t ruc tu re  f o r  
0 between the h e l i c a l  a x i s  
and the l o c a l  r e f r ac t ion  cal ind ica t r ix .  P: h e l i c a l  
indices  n1 ( 8 )  and n2 (0) .  p i t c h ;  0 :  tilt angle 
nl, n2: p r inc ipa l  values of 
the r e f r ac t ion  indices  paral-  
lel and perpendicular t o  the  
d i r ec to r ;  P :  h e l i c a l  p i t c h  

the  BP r e su l t i ng  i n  a spheri-  
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n = n2(0 )  e (4 )  

where nl(0) and n2(0)  denote t h e  e f f e c t i v e  l o c a l  r e f r a c t i v e  
indices .  

For t h e  l o c a l  r o t a t i o n a l  e l ip so id  it follows t h a t  

The birefr ingence an = ne - no can be ca l cu la t ed  from eqs. 
and ( 4 )  by means of eqs. ( 5 )  and (6)  considering the r e l a t i o n  
s in20 = 1 - cos20: 

( 3 )  

(7) An = [-(n 1 2  - n 2, ( 3  cos 2 0 - 1 1 1  1 /2  . 
2 1  2 

According t o  eq. ( 7 )  t he  double r e f r a c t i o n  vanishes i f  

2 
3 cos 0 - 1 = 0 .  

C 

Eq. (8) i s  s a t i s f i e d  f o r  a c r i t i c a l  tilt angle 

0 = 54.74O. 
C 

Thus, t he  birefr ingence of a h e l i c a l l y  arranged assemble of 
molecules vanishes i f  t h e i r  long axes are t i l t e d  against  the 
h e l i c a l  a x i s  by an angle of 54.74'. 
has been derived by Schrgder" from a molecular s t a t i s t i c a l  
treatment of  the cho le s t e r i c  phase. Because of t he  l imited 
accuracy of r e f r ac t ion  measurements by means of an Abb6 
refractometer a very small birefr ingence of  t he  order of 
An < cannot be excluded. In  the  case of cholesteryl  
esters it follows from eq. (8) t h a t  t he  tilt angle 0 only 
can be given with an uncertainty of 2 2 O .  

This value of 0, a l s o  

C 

It should be emphasized t h a t  t he  BP model of a t i l t e d  
cho le s t e r i c  s t r u c t u r e  (Fig. 2 )  i s  i n  agreement with a l l  known 
experimental r e s u l t s  though no physical reason can be given 
u n t i l  now why the  tilt angle should assume the  c r i t i c a l  value 
0, close below t h e  c l ea r ing  point.  
o the r  molecular arrangements which a l s o  account f o r  zero 
double r e f r ac t ion  without removal of a uniaxial  h e l i c a l  
s t r u c t u r e  i n  t h e  BP state. 

There may possibly e x i s t  

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
 0

3:
49

 2
3 

Fe
br

ua
ry

 2
01

3 



A MODEL OF BLUE PHASE 287 

Acknowledgement 

T h i s  work h a s  been s u p p o r t e d  by t h e  Deutsche Forschungs- 
qemeinschaft  and t h e  Minis te r ium f c r  Wissenschaft  und For- 
schunq des  Landes Nordrhein-Westfalen.  

References 

1. K. Bergmann and H. Stegemeyer,  B e r .  Bunsenges. Phys. 
Chem. 82, 1309 (1978) .  - -  

2. K. Bergmann and H. Stegemeyer,  Z. Naturforsch.  =, 
251 (1979) .  

3 .  K. Berqmann, P. Pollmann, G. S c h e r e r ,  and H .  Steqemeyer,  
2.  Natur forsch .  *, 253 (1979) .  

4. K. Bergmann and H. Steqemeyer,  Z. Natur forsch .  3&, 
1031 (1979) .  

5. H. d e  V r i e s ,  A c t a  C r y s t .  4, 219 (1951).  

6. W. Kuczynski and H. Steqemeyer, N a t u r w i s s ,  i n  press. 

7. R. Cano, Bul l .  SOC. Fr .  Mineral .  Cristallogr. 91, 
20 (1968) .  

8. G. P e l z l  and H. Sackmann, 2.  Phys. Chem. L e i p z i q  254, 
354 (1973) .  

9. a )  G.W. Gray and P.A. Winsor, "Liquid C r y s t a l s  and 
P l a s t i c  C r y s t a l s " ,  C h i c h e s t e r  1974, V o l .  1, p. 16. 

Weinheim, 1978, p .  60. 
b)  D. Demus and L. R i c h t e r ,  "Textures  of Liquid  C r y s t a l s " ,  

c)  L.S. Goldberq and  J . M .  Schnur,  Radio Elekt ron .  
Eng. 2, 279 (1970) .  

10. A. Saupe, M o l .  Crys t .  L i q .  Crys t .  2, 68 (1969) .  

11. W.U. Miller and H. Steqemeyer,  B e r .  Bunsenges. Phys. 
Chem. 77, 20 (1973) .  - -  

1 2 .  H. Schrgder ,  i n :  G.R. Luckhurst  and G.W. Gray (Eds . ) ,  
"The Molecular P r o p e r t i e s  of L i q u i d  C r y s t a l s " ,  New York, 
i n  press (Report on t h e  NATO Conference,  Cambridge, 
September, 1977) .  

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
 0

3:
49

 2
3 

Fe
br

ua
ry

 2
01

3 




