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I N  NEMATIC PHASES. 

J.K.FOITZIK and W . W S E  
I n s t i t u t  fiir Physikal ische Chemie der  TH Darmstadt, 
Pe t e r sens t r a s se  20, D-6 100 Darmstadt, FRG 

(Submitted f o r  Pub l i ca t ion  May 7 ,  1982) 

ABSTRACT: 
o f  p leochro ic  dyes i n  nematic l i q u i d  c r y s t a l s  i s  des- 
c r ibed  and discussed.  The s o l u b i l i t i e s  of some com- 
merc ia l  p leochro ic  dyes were measured a s  a func t ion  of 
temperature and a l s o  the  phenomenon of  supe r sa tu ra t ion  
w a s  i nves t iga t ed .  

A procedure t o  determine the  s o l u b i l i t i e s  

INTRODUCTION 
One d i f f i c u l t y  using guest-host d i sp lays  (1,2) with 

d i c h r o i c  dyes i s  the  requirement t h a t  t hese  dyes have t o  
show a number of p r o p e r t i e s  t h a t  are d i f f i c u l t  t o  combine 
i n  a s i n g l e  molecule. These p rope r t i e s  are, amongst o the r s ,  
a high order  parameter, high dichroism, s u f f i c i e n t  solubi-  
l i t y  i n  nematic phases, chemical s t a b i l i t y  and s t a b i l i t y  t o  
i 1 lumina t ion. 

f a c t o r s  t h e r e  a r e  some add i t iona l  problems. I f  t he re  are 
g r e a t  changes i n  temperature, a s  i n  motor-cars, t h e  tempe- 
r a t u r e  dependence of the s o l u b i l i t y  of t h e  dyes may become 
a dec i s ive  f ac to r .  Concerning the  o rde r  parameters, di-  
chroism and s t a b i l i t y  of the dyes, t h e r e  have been many in-  
v e s t i g a t i o n s  (3-13). On t h e  o t h e r  hand, t he re  a re  only a 
few da ta  r e l a t i n g  t o  s o l u b i l i t i e s  repor ted  i n  the  l i t e r a -  
t u r e  (10, l l ,  13) and hard ly  any concerning the  temperature 
dependence of s o l u b i l i t y .  

I n  p r inc ip l e ,  s o l u b i l i t i e s  of dyes can be obtained by 
var ious  methods. Because of t h e  f a c t  t h a t  t he  s o l u b i l i t y  of 
d i ch ro ic  dyes i n  l i q u i d  c r y s t a l l i n e  phases i s  o f t e n  r a t h e r  
small, i t  was considered a d v i s i b l e  t o  use VIS-spectroscopy 
f o r  t h e  determinat ion ( 1 0 , l l ) .  Because of  t he  s p e c i a l  pro- 
p e r t i e s  of l i q u i d  c r y s t a l l i n e  systems, one must take  i n t o  
account t h a t  t h e r e  may occur d i f f i c u l t i e s  i n  g e t t i n g  ther-  
modynamically s t a b l e  systems. Therefore i t  was important 

For LCDs which a r e  exposed t o  unsteady environmental 
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132 J .  K .  FOITZIK and W. HAASE 

f o r  us t o  choose an  experimental  procedure which allowed 
us t o  r e l a t e  t h e  determined da ta  t o  thermodynamically 
s t a b l e  systems. The procedure should a l s o  r e q u i r e  only  
small amounts of t he  substances and a l s o  be app l i cab le  f o r  
temperatures  below room temperature.  

EXPERIMENTAL 
The de termina t ion  of  t h e  s o l u b i l i t i e s  w a s  r e a l i z e d  

using t h e  fol lowing procedure: 1-2 m l  of t h e  l i q u i d  crys-  
t a l  and an adequate  amount of t h e  f i n e l y  pulver ized  dye 
were put  i n t o  a l i t t l e  t e s t - tube  wi th  a s i d e  tube.  I n  t h e  
s i d e  tube t h e r e  was a f i l t e r  of grade 4 poros i ty .  Af te r  
c los ing  tube and s i d e  tube wi th  ground g l a s s  s toppers ,  in- 
termixing of t h e  dye and t h e  nematic phase w a s  r e a l i z e d  by 
rocking t h e  glass-apparatus  - which was completely irmnersed 
i n  a ba th  - through an angle  of about 120°, approx. 10 
t i m e s  per  minute,  

Af t e r  c e r t a i n  per iods ,  a p a r t  o f  t h e  s o l u t i o n  w a s  
sucked through t h e  f i l t e r .  A f t e r  t h i s  f i l t r a t i o n  w e  could 
be su re  t h a t  no s o l i d  dye p a r t i c l e s  e x i s t e d  i n  t h e  sample 
volume. According t o  t h e  s o l u b i l i t y  of t h e  dye, w e  took 
samples of 10, 20 and 50 pl wi th  a micro-pipet te  and d is -  
solved them i n  5 t o  250 m l  of chloroform. The e x t i n c t i o n  
of  t h i s  s o l u t i o n  was determined wi th  a CARY 17 (Varian) 
spectrophotometer.  Comparing t h i s  e x t i n c t i o n  wi th  those  of 
s o l u t i o n s  of  known concent ra t ions  , t h e  s o l u b i l i t y  of t he  
dye i n  t h e  l i q u i d  c r y s t a l l i n e  phase could be  ca l cu la t ed .  

Samples were taken over  adequate  per iods  till t h e  con- 
c e n t r a t i o n  of  t h e  dye w a s  cons tan t .  This  seems t o  be an  in- 
d i spens ib l e  f e a t u r e  of t h e  method, because t h e  t i m e  t o  
reach  the  s a t u r a t i o n  l i m i t  was i n  some cases r a t h e r  long 
and a l s o  dependent on t h e  temperature .  This  i s  shown i n  
FIGURE 1 .  It i s  no t  p o s s i b l e  t o  t ake  t h e  presence of  s o l i d  
dye p a r t i c l e s  e x i s t i n g  some t i m e  a f t e r  mixing t h e  compounds 
a s  t h e  only  proof of having reached t h e  s a t u r a t i o n  concen- 
t r a t i o n .  On t h e  o t h e r  hand, t h e  usua l  way t o  o b t a i n  a 
guest-host system, i .e .  t o  d i s s o l v e  t h e  guest  molecules i n  
t h e  i s o t r o p i c  phase of  t h e  h o s t ,  followed by cool ing t h e  
system i n  t h e  nematic s ta te ,  may l ead  t o  supersa tura ted  so- 
l u t i o n s .  This  would s imula te  a g r e a t e r  s o l u b i l i t y  than t h a t  
corresponding t o  a s t a b l e  equ i l ib r ium state of t he  mixture .  
Because of t hese  f a e t s ,  t h e  s o l u b i l i t i e s  w e r e  determined 
twice a t  each temperature.  F i r s t ,  as decr ibed  above, be- 
ginning wi th  t h e  pure components o r  a s a t u r a t e d  s o l u t i o n  a t  
a lower temperature,  and second s t a r t i n g  wi th  a sa tu ra t ed  
s o l u t i o n  a t  h ighe r  temperatures.  
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FIGURE 2 So lub i l i t y  of D-43 i n  ZLI-1565 a t  51.5OC, 
s t a r t i n g  a t  higher o r  lower concentrations 
of  t he  dye i n  solut ion 
( sa tu ra t ion  s o l u b i l i t y  = 1 )  
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FIGURE 3 S o l u b i l i t y  of D-43 i n  PCH75 ( TNI = 5 5 O C  ) 
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FIGURE 4 S o l u b i l i t i e s  of a)  D-16, b) D-43 
i n  ZLI-1565 (TNI = 85OC ) 
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SOLUBILITIES OF PLEOCHROIC DYES 135 

If the two curves f o r  the concentration of dye i n  so- 
l u t i o n  vs .  t i m e  approach the same l imi t ing  value t h i s  
should be the value of t he  sa tu ra t ion  s o l u b i l i t y .  This i s  
shown i n  FIGURE 2 .  

To ve r i fy  t h i s  procedure, the s o l u b i l i t i e s  of c e r t a i n  
anthraquinone dyes (BDH) i n  pure phenylcyclohexanes and i n  
the multicomponent mixture ZLI-I 565 (Merck) were determined 
The measurements were made over a broad temperature range 
i n  the mesophase. An important reason f o r  using the  anthra- 
quinone dyes w a s  t h e i r  great  s t a b i l i t y  t o  i l lumination. 
Nevertheless the systems were protected by exclusion of 
i l lumination. Only i n  one case (D-52) d id  a noticeable de- 
composition of the dye occur during the  invest igat ion pe- 
r iod.  I n  t h i s  case the  spectrum showed an-increasing blue- 
s h i f t  of the absorption maximum and the data f o r  the s o l w  
b i l i t y  increased to  unreal is  t i c  values. 

1-52, depending on the  d i f f e r e n t  dyes and temperatures. 
The reproducibi l i ty  of the r e s u l t s  w a s  of the order 

RESULTS AND DISCUSSION 
Some s o l u b i l i t y  curves a r e  shown i n  FIGURE 3 and 4 .  We 

used the p lo t  In  L vs.  1 / T  where L i s  the s o l u b i l i t y  i n  g / l  
and T t he  temperature i n  K. According t o  the usual behaviour 
of the s o l u b i l i t i e s  of so l id  compounds i n  l iquids ,  s t r a i g h t  
l i n e s  should be obtained i n  t h i s  p lo t .  For the system 
shown i n  FIGURE 3 we found a good correspondence to  t h i s  
i dea l  behaviour. However, a t  l o w  temperatures, the solubi- 
l i t i e s  of the dyes i n  the multi-component mixture ZLI-1565 
show a r a the r  large deviation from t h i s  behaviour. This 
phenomenon w i l l  be discussed l a t e r  ( I  4 ) .  Remarkable a l s o  
are the great  differences found f o r  the s o l u b i l i t i e s  of a 
dye i n  d i f f e r e n t  nematic host phases (11,14). The good con- 
formity of the l i m i t s  found when s t a r t i n g  a t  higher o r  lower 
concentrations are a proof t h a t  thermodynamically s t a b l e  
systems were achieved. Therewith the method s a t i s f i e s  the 
conditions mentioned above. 

long t i m e  (as shown i n  FIG.] and 2 )  t o  ge t  the values. A t  
low temperatures and s t a r t i n g  with the pure components, t h i s  
is caused by the durat ion of the d i s so lu t ion  process. This 
process may be shortened i f  one replaces the  rocking of the 
glass-apparatus by intensive s t i r r i n g ,  but then the problems 
of having a closed system and small volumes have t o  be re- 
membered. It also takes ra ther  a long t i m e  t o  confirm the 

A disadvantage of the method i s  tha t  i t  takes a r a t h e r  
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136 J. K.  FOITZIK and W. HAASE 

values of the saturation solubility by several measure- 
ments. Also when starting at higher temperatures some days 
are usually required for the supersaturated solution to be- 
come a saturated solution despite the fact that almost 
ideal conditions €or crystallization exist because of the 
presence of solid particles to act as crystal nuclei and 
the permanent rocking. In some cases considerably supersa- 
turated solutions were stable for some weeks. 

concentration of the dye as a function of time, but also 
the utility of the chosen method for determining duplicate 
equilibrium values. Without crystal nuclei the tendency to 
form metastable systems should increase, leading to super- 
saturated solutions that exist for rather long times and 
simulating solubilities much higher than the values for 
thermodynamically stable systems. 

These results show not only the necessity to study the 
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