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SOME EXTENDED RANGE NEMATIC LIQUID CRYSTA'; MIXTURES 

GEORGE W. SMITH 
Physics Department,General Motors Research Laboratories, 
Warren, Michigan 48090 

(Submitted for Publication June 1, 1978) 

Extending the temperature range of nematic liquid crys- 
tals is technologically important for the operation of 
electrooptic devices in environments where ambient tempera- 
tures vary widely. The expected lowest temperature limit 
(eutectic temperature) of eutectic-forming nematic mixtures 
is calculable from the equations of le Chatelkr, SchrEder, 
and van Laar (CSL). The assumptions basic to the deriva- 
tion of these equations are discussed elsewhere. 1, 2 How- 
ever, straightforward application of the method makes it 
apparent that the greatest depression of the eutectic tem- 
perature is obtained for components having @! low crystal- 
nematic temperature TKN and small crystal-nematic latent 
heat L m .  

Thus an expeditious search for extended temperature 
range liquid crystals starts with measurements of TKN and 
L m .  
temperature as high as possible. Furthermore, the three 
CSL assumptions -- no solid solution formation, ideal nema- 
tic solution, and temperature-independent LKN values -- 
must hold in order for the calculation method to work. And 
finally, one hopes that unexpected and unwanted non-nematic 
phases will not intervene in the predicted nematic tempera- 
ture range. 

Ideally it is also desired to have nematic-isotropic 

This note reports phase ranges for some liquid crystal 
mixtures based on components for which thermal parameters 
have been previously published. 3 9 4  9 

nematic ranges for the mixtures were calculated using a 
simple computer program based on the iterative method of 
Hulme, et al.5 The nematogens chosen for the mixtures and 
their thermal parameters are listed in Table I. 

The expected eutectic 
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Expected e u t e c t i c  compositions and nematic temperature  
ranges were c a l c u l a t e d  f o r  n ine  mixtures  ( s i x  b i n a r i e s ,  two 
t e r n a r i e s  , and one quaternary)  . Corresponding mixtures  
were prepared (wi th  compositions approximating t h e  calcu-  
l a t e d  va lues  as c l o s e l y  as poss ib l e )  and t h e  phase behavior  
determined by d i f f e r e n t i a l  scanning ca lo r ime t ry  and ( i n  
some cases)  thermal microscopy.4 
sured  temperature  ranges are shown i n  Table 11. 

The predic ted  and mea- 

A glance a t  Table I1 r e v e a l s  t h r e e  kinds of behavior .  
The measured temperature  ranges f o r  mixtures  1, 7 ,  and 9 
are i n  reasonable  agreement wi th  t h e  va lues  pr3dic ted  from 
t h e  CSL equat ions ,  i n d i c a t i n g  t h a t  t hese  systems obey t h e  
t h r e e  fundamental assumptions f a i r l y  w e l l .  The measured 
lower l i m i t s  f o r  mixtures  2 ,  3, 4 ,  5 ,  and 8 a r e  a l l  consid- 
e r a b l y  h igher  than t h e  p red ic t ed  va lues .  The s i m i l a r i t y  i n  
molecular  s t r u c t u r e s  f o r  t h e  components ( p a r t i c u l a r l y  111, 
I V ,  and V) l ead  one to suspec t  t h e  formation of s o l i d  solu-  
t i 0 n s . l  
behavior  due t o  the  formation of a smectic phase (tempera- 
t u r e  range 93°C t o  157OC) a t  t h e  p red ic t ed  e u t t x t i c  compo- 
s i t i 0 n . 6 9 ~  Indeed component V I I I  has  a marked tendency t o  
form smect ics  i n  mixtures ,  as was revea led  by experiments 
wi th  a number of b i n a r i e s  conta in ing  component V I I I .  
appears  t h a t  either i n t e r v e n t i o n  of an  unwanted smectic 
phase o r  formation of  s o l i d  s o l u t i o n s  can m i l i t a t e  a g a i n s t  
t h e  e x i s t e n c e  of wide-range nematic e u t e c t i c s .  

Mixture 6 does not  d i sp l ay  t h e  expected e u t e c t i c  

It 
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--- 

6. M. Domon and J. B i l l a r d ,  Pramana Suppl. No. 1, 131-154, 
(1975),  have given a d e t a i l e d  t rea tment  of phase dia-  
grams €or  b ina ry  l i q u i d  c r y s t a l  mixtures .  They d i scuss  
t h e  ex i s t ence  i n  mixtures  of mesophases which do not  
occur  i n  e i t h e r  pure component. 

The smectic phase i s  n o t  observed f o r  compositions suf -  
f i c i e n t l y  f a r  from that ca l cu la t ed  f o r  t h e  e u t e c t i c .  
Thus f o r  mole f r a c t i o n s  of component V I  equa l  t o  0.10 
and 0.87 r e s p e c t i v e l y ,  the fol lowing t r ans i . t i on  tempera- 
t u r e s  were observed: e u t e c t i c  ( c r y s t a l  t o  c x y s t a l  + 
nematic) ,  25OC and -29OC; excess ( c r y s t a l  4. nematic  t o  
nematic comesophase), "115OC and "35OC; and nematic- 
i s o t r o p i c ,  226°C and 133OC. 
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