
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 21 February 2013, At: 12:30
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office:
Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and subscription
information:
http://www.tandfonline.com/loi/gmcl16

Anomalous Bulk Viscosity of Cholesteric
Systems Exhibiting Blue Phases
H. Stegemeyer a & P. Pollmann a
a Department of Physical Chemistry, University of Paderborn, D-4790,
Paderborn, F.R., Germany
Version of record first published: 20 Apr 2011.

To cite this article: H. Stegemeyer & P. Pollmann (1982): Anomalous Bulk Viscosity of Cholesteric Systems
Exhibiting Blue Phases, Molecular Crystals and Liquid Crystals, 82:4, 123-129

To link to this article:  http://dx.doi.org/10.1080/01406568208070171

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any substantial
or systematic reproduction, redistribution, reselling, loan, sub-licensing, systematic supply, or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that
the contents will be complete or accurate or up to date. The accuracy of any instructions,
formulae, and drug doses should be independently verified with primary sources. The
publisher shall not be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568208070171
http://www.tandfonline.com/page/terms-and-conditions


Mol. Oyst. Liq. Cryst. Vol. 82 (Letters), pp. 123-129 
0140-6566/82/82044123$06.50/0 
0 1 9 8 2 ,  Gordon and Breach, Science Publishers, Inc. 
Printed in the United States of America 

ANOMALOUS B U L K  VISCOSITY OF CHOLESTERIC SYSTEMS 

EXHIBITING BLUE PHASES 

H .  STEGEMEYER and P .  POLLMANN 
Department of Physical Chemistry, 
University of Paderborn, D-4790 Paderborn, F . R .  Germany 

(Submitted f o r  publication: 24th May 1982) 

Abstract: The bulk v i scos i ty  of two cho le s t e r i c  mixed 
systems cholesteryl  nonanoate/cholesteryl chloride and 
CB 15/ZLI 1612 has been measured using Ubbelohde c a p i l l a r y  
viscometers. A v i scos i ty  maximum close below the clear ing 
point  only has been observed i n  such mixtures exhibi t ing 
blue phases (BP) . Cholesteric systems with l a rge r  pi tches  
i n  which no BPs e x i s t  show a nematic-like cap i l l a ry  flow 
behaviour. 

Introduction In a recent review Leslie (1) pointed o u t  
tha t  the s i tua t ion  of viscosi ty  of cholester ics  " i s  disappointing, 
both  from theoretical  and experimental standpoints". Two outstan- 
d i n g  experimental features of cholester ic  viscosi ty  Qch have been 
reported (1, 2 ) :  i )  q c h  assumes considerably larger  values t h a n  
t h a t  of the isotropic  s t a t e  ( u p  t o  a fac tor  of lo6), i i )  Qch 
exhibits non-newtonian flow behaviour. In a l o t  o f  papers ( 3  - 5 )  
a maximum of Qch close below the clearing point Tc has been des- 
cribed. An attempt t o  explain the anomalous value of apparent vis-  
cosi ty  of cholester ics  has been made by Helfrich ( 6 ) .  In this mo- 
del cholester ics  are  assumed t o  move t h r o u g h  c a p i l l a r i e s  l i k e  a 
plug (permeation). 

In the case of a non-steroid cholester ic  mesophase (chiral  

lower than the ex- 
nematic) a sharp viscosi ty  peak a t  Tc has been found t o o  ( 7 )  b u t  
the viscosi ty  of the cholester ic  phase was 
trapolated one of the isotropic  phase. 

Some experimental observations on cholester ic  "blue phases" 
( B P )  ( 8 )  led us t o  the assumption tha t  the extremely high visco- 
s i t y  close below Tc will be caused rather  by BPs than by 'normal' 
cholester ic  mesophases. This problem can be solved by simple ex- 
periments: I t  i s  well known t h a t  BPs only exist i n  cholester ic  
systems of considerably low pitches p .  I f  p exceeds any c r i t i c a l  
value pc the BPs vanish (8a,  9 ) .  T h u s ,  i n  mixed systems i n  which 
p varies w i t h  composition viscosi ty  measurements can be carried 
o u t  on mixtures with and w i t h o u t  BPs. 
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124 H. STEGEMEYER and P. POLLMANN 

Results The f i r s t  mixed systemconsists of the chole- 
s t e r i c l  p-2-methyl butyl -p-cyanobiphenyl CB 15 ( B D H )  and 
a nematic phase ZLI 1612 (Merck). The phase diagram i s  given 
in f i g .  1 showing considerably broad ranges of the two poly- 
morphic blue phases BP I and BP 11. A t  lower concentration o f  
CB 15 ( <  46 weight % )  the pitch increases rapidly ( p  > pC" 
330 nm), Consequently, BPs no longer e x i s t  ( c f .  f i g .  1) .  Ca- 
p i l l a r y  flow of f ive  mixtures CB 15/ZLI 1612 has been invest i -  
gated using two micro-viscometers (Schott KPG, viscometer con- 
s t a n t  K = 0.3 and 1.0,  respect ively) .  The capi l la ry  diameter 
(0.74 and 1.00 m m ,  respectively) as  well as  the length have 
been kept constant throughout a l l  measurements t o  provide com- 
parable average shear ra tes  f o r  a l l  mixtures. Temperature 
constancy was be t te r  than 0.1 K. 

x /weight %CB 15 - 
.FIGURE 1 Phase diagram CB 15/ZLI 1612. Ordinate: AT tempera- 

ture differences w i t h  respect t o  t rans i t ion  chol/BP I 

The kinematic viscosi ty  v as  a function of temperature i s  given 
i n  f i g .  2 .  In a l l  mixtures up t o  55 weight  % ZLI 1612 the vis- 
cosi ty  sharply increases below T, t o  extremely h i g h  values. 
W i t h i n  a rather broad temperature span (% 1 K) the ra tes  o f  
flow are  so exceptionally low tha t  v could not be measured. A t  
lower temperatures ( T  < T,) v drops  t o  values comparable w i t h  
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FIGURE 2 Kinematic viscosity vs. temperature of 

CB 15 /ZL I  mixtures. Parameter: weight % 
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126 H. STEGEMEYER and P. POLLMANN 

those o f  the  i s o t r o p i c  l i q u i d .  The r a t h e r  l a r g e  w id th  o f  the  
v peak r e s u l t s  from the  broad temperature span o f  BPs i n  t h i s  
system (c f .  f i g .  1). The non-newtonian f l o w  behaviour was 
es tab l i shed by vary ing the  c a p i l l a r y  diameter o f  t he  v isco-  
meters. The m ix tu re  CB 15/ZLI 1612 40/60 weight % e x h i b i t i n g  
no BPs does no t  show any v i s c o s i t y  maximum a t  a l l  ( c f .  f i g .  
2 B ) :  I n  the 

The second system was a compensable m ix tu re  o f  cho les te ry l  
nonanoate/cholesteryl c h l o r i d e  CN/CC. From the  phase diagram 
( f i g .  3)  i t  can be seen t h a t  BPs o n l y e x i s t  i n  the  ranges 
0 xcc 5 1 (xcc mole f r a c t i o n  CC) be- 
cause i n  the  midd le  range the  h e l i c a l  p i tches  exceed the  c r i -  
t i c a l  values (pc = 540 o r  490 nm, respec t i ve l y )  ( 9 ) .  

curve v (T)  no d i s c o n t i n u i t y  occurs a t  Tc . 

xcc 5 0.37 and 0.79 

FIGURE 3 Phase diagram CN/CC; AT: cf. t e x t  i n  f i g .  1 

The temperature dependence o f  v o f  two mix tu res  CN/CC i s  g i ven  
i n  f i g .  4. The BP m ix tu re  w i t h  xcc = 0.15 shows the  expected v 
peak below Tc w i t h  a smal le r  w id th  compared w i t h  t h a t  o f  the  
system described i n  f i g .  2 which i s  due t o  the  smal le r  BP range 
i n  the  CN/CC system. I n  the  m ix tu re  w i t h  xcc = 0.50 which does 
no t  show any BP ( c f .  f i g .  3)  no v i s c o s i t y  maximum occurs. A 
small  drop o f  v has been found a t  Tc s i m i l a r  t o  t h a t  of nema- 
t i c  l i q u i d  c r y s t a l s  (5c, 10) .  This  f l o w  behaviour o f  'normal '  
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ANOMALOUS BULK VISCOSITY OF CHOLESTERIC SYSTEMS 127 

cholesterics i s  i n  agreement w i t h  t h a t  o f  compensable chole- 
s te r ic  mixtures as ear l ie r  found by one of us (11). 

-2 -1 0 1 
(T-Tc)/K - 

FIGURE 4 Kinematic viscosity vs. temperature of CN/CC 
mixtures. X c c  = 0.15 A A A A ; Xcc = 0.50 o o o 0 

Discussion From our  experimental results i t  follows 
clearly t h a t  the extremely h i g h  viscosity of cholesteric sy- 
stems actually i s  caused by BPs. The bu lk  viscosity o f  'nor- 
mal '  cholesterics, however, is comparable t o  t h a t  o f  nematics. 
Thus, Helfrich's permeation theory ( 6 )  does no longer seem t o  
be tenable i n  the case of cholesterics. The flow behaviour of 
cholesterics, however, can be understood reasonably i n  terms 
of Leslie 's  concept ( 1 2 )  since the necessity o f  explaining 
suspected h i g h  viscosity values can be cancelled o u t  because 
of the experiments described above. 
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128 H. STEGEMEYER and P. POLLMANN 

On the o the r  hand, the  permeation concept ( 6 )  may work w i t h  
some appropr ia te  mod i f i ca t i ons  i n  the  case o f  BP f l ow .  A 
body-centered cubic  l a t t i c e  s t r u c t u r e  has been proposed f o r  
BPs (13)  which was evidenced by us by ob ta in ing  l i q u i d  s i n g l e  
c r y s t a l s  o f  cubic  hab i tus  (8b) .  This BP s t r u c t u r e  i s  expected 
t o  be r a t h e r  s t i f f .  Consequently, a p l u g - l i k e  f l o w  w i t h  un i -  
form v e l o c i t y  seems t o  be poss ib le  f o r  BPs s i m i l a r  t o  the  model 
o f  c a p i l l a r y  f l o w  o f  smectics ( 6 ) .  A t h e o r e t i c a l  treatment o f  
BP f l o w  behaviour by means o f  H e l f r i c h ' s  permeation concept 
tak ing  i n t o  account the  b.c.c. s t r u c t u r e  seems t o  be promising. 
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