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BROADENING OF THE NEMATIC TEMPERATURE RANGE BY A 
NON-MESOGENIC SOLUTE I N  A NEMATIC L I Q U I D  CRYSTAL 

J. W. PARK AND If. M. LABES 
Department of Chemistry, Temple Univers i ty ,  Phi la-  
de lphia ,  Pennsylvania 19122 

(Submitted f o r  pub l i ca t ion  January 7, 1977) 

Abs t rac t  The genera l  r u l e  t h a t  a d d i t i o n  of a non- 
mesogenic s o l u t e  causes a sharp decrease  i n  t h e  nematic- 
i s o t r o p i c  t r a n s i t i o n  temperature (TwI) of a nematic 
so lven t  is not obeyed when the  s o l u t e  and so lvent  can 
enter i n t o  a donor-acceptor i n t e r a c t i o n .  Addit ion of 
4-aminobiphenyl t o  t h e  nematic l i q u i d  c r y s t a l  4-cyano- 
4'-pentylbiphenyl (nematic range % 25-35O) l e a d s  t o  
a n  inc rease  i n  T ~ I  and a decrease  i n  the  c r y s t a l -  
nematic t r a n s i t i o n  temperature. The maximum nematic 
range (21-38O) is achieved a t  % 7 mole X s o l u t e .  

I n  order  t o  extend l i q u i d  c r y s t a l l i n e  temperature  
ranges,  i t  is common t o  prepare a mixed system t o  take ad- 
vantage of e u t e c t i c  behavior. 
where the  components are misc ib le  i n  a l l  p ropor t ions ,  t h e  
phase diagram shows a nea r ly  l i n e a r  dependence of t h e  
nematic- t isotropic  (N-tI) t r a n s i t i o n ,  and a simple e u t e c t i c  
determined by hea t s  of mel t ing  of t h e  components i n  t h e  
crystal-tnematic (C+N) t r a n s i t i o n .  

of b inary  l i q u i d  c r y s t a l l i n e  mixtures  between 4-cyano-4'- 
pentylbiphenyl  (CPB) and Schi f f  base o r  azo type  l i q u i d  
c r y s t a l s :  f o r  example, when N-(p-methoxybenzy1idene)-p-n- 
b u t y l a n i l i n e  (MBBA) is mixed wi th  CPB, a double e u t e c t i c  is 
found i n  the  C+N t r a n s i t i o n  and the  N+I t r a n s i t i o n  tempera- 
t u r e  inc reases  as one proceeds from e i t h e r  component t o  an  % 

equimolar mixture. 
These unusual phase diagrams were a t t r i b u t e d  t o  a 

donor-acceptor type i n t e r a c t i o n  between the  c o n s t i t u e n t  
molecules. 
s t r o n g  p o s i t i v e  devia t ions  i n  t h e  d ie lec t r ic  a n i s o t r o p i e s  
( A E )  from a normal l i n e a r  r e l a t i o n s h i p ,  s l i g h t  i nc reases  i n  
t h e  sp l ay  e l a s t i c  cons tan ts ,  and marked decreases i n  the  

I n  a t y p i c a l  b inary  mixture, 

I n  a previous pape r , l  w e  repor ted  unusual phase diagrams 

Fur ther  s t u d i e s 2  of t h e  MBBA-CPB system showed 
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148 J .  W. PARK and M. M. LABF.S 

e lec t ro -op t i c  response times of twis ted  nematic cells made 
from the  mixtures .  

changes i n  p r o p e r t i e s  could be achieved when a non-meso- 
genic  s o l u t e  is disso lved  i n  a l i q u i d  c r y s t a l l i n e  so lvent  
- i f  t he  s o l u t e  and so lvent  undergo a donor-acceptor i n t e r -  
ac t ion .  I n  genera l ,  add i t ion  of a non-mesogenic s o l u t e  3-7 
leads t o  a sharp decrease i n  TN+I of a mesogenic so lvent .  
Such a decrease  can be understood i n  terms of t h e  degree 
of d i s r u p t i o n  of nematic order  caused by t h e  s o l u t e ,  which 
are func t ions  of t he  s ize ,  shape and f l e x i b i l i t y  of t he  
s o l u t e ,  and t o  any changes i n  dipole-dipole  i n t e r a c t i o n s  o r  
d i spe r s ion  f o r c e s  i n  the  so lvent  caused by t h e  so lu t e .  The 
s lope  of t h e  depression of TN+I (aTwI/aX, where X i s  the  
mole f r a c t i o n  of s o l u t e )  is a measure of t h i s  per turba t ion .  

aminobiphenyl (ABP) , a non-mesogenic donor type molecule, 
is added t o  CPB, TN+I i nc reases  and T C + ~  decreases  wi th  a 
maximum nematic range being achieved a t  % 7 mole X ABP. 
As opposed t o  pure CPB, which has  a nematic range of 25-35O, 
93% CPB/7% ABP has a range of 21-38O. 
(Figure l ) ,  determined by using po la r i zed  o p t i c a l  microscopy 
on a Mettler FP-2 h o t  s tage,and d i f f e r e n t i a l  scanning cal- 
or imet ry  (DSC),ut i l iz ing a Perkin-Elmer DSC l - B ,  is another  
example of a two-component s y s t e m  forming a compound show- 
i n g  a congruent mel t ing poin t  a t  a 50:50 mixture, and ex- 
h i b i t i n g  two e u t e c t i c s  i n  the  mel t ing  p o i n t .  Enthalpies  
(AH) of t h e  C+N o r  C+I t r a n s i t i o n s  f o r  t h e  b inary  mixture 
are p l o t t e d  i n  Figure 2 ,  showing v i r t u a l l y  l i n e a r  v a r i a t i o n s  
of t he  t o t a l  en tha lp i e s  of mel t ing  wi th  composition. The 
complexity of Figures  1 and 2 can be  expla ined  i n  terms of 
d e f i n i t e  compositions i n  the  s t a b l e  s o l i d  phases. 

When 4-cyanobiphenyl (CBP) , which is s t r u c t u r a l l y  
s i m i l a r  t o  ABP, b u t  bea r s  a cyan0 group i n s t e a d  of an amino 
group, is mixed wi th  CPB, a normal phase diagram of a two- 
component system wi th  (aTN /ax)x=o = -5OOis obtained.  

'1 Both ABP and CBP d isso lved  i n  nematic phase V (a e u t e c t i c  
mixture  of p-methoxyazoxybenzenes which are p ' - subs t i tu ted  
wi th  e t h y l  and n-butyl groups) induce sha rp  decreases  i n  
TN+I, g iv ing  (aTwI/ax)x=o values  of -203 and -160O respec- 
tively. For a binary  mixture between MBBA and CBP, TN+I 
decreased approximately l i n e a r l y  wi th  mole f r a c t i o n  of CBP 
wi th  (aTN+I/a,)x=o = -123O. 
showed a s l i g h t  ne a t ive dev ia t ion  from a smooth l i n e  near 
t h e  50:SO mixture. 

It occurred t o  us  t h a t  similar type  phase diagrams and 

Contrary t o  this general  r u l e ,  w e  f i n d  t h a t  when 4-  

The phase diagram 

However, t h e  mel t ing  po in t  curve 
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BROADENING OF NEMATIC TEMPERATURE RANGE 149 

60 - ISOTROPIC 

0 20 4 0  60 80 100 

M o l e  O/O ABP 

Figure 1. Phase diagram of CPB-ABP mixture: TN+~(A), 
melting point of l a s t  trace of s o l i d  ( 0  ), 
and melting point of excess components 
( 0  1. 
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150 J .  W. PARK and M. M. LABES 

0 20 40  60 80 100 
Mole % ABP 

Figure 2. Heat of solid+nematic or liquid transition 
of CPB-ABP mixture: total heat of melting 
(0 ) and heat of melting of excess compo- 
nents ( 9 1. 
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BROADENING OF NEMATIC TEMPERATURE RANGE 151  

These r e s u l t s  c l e a r l y  i n d i c a t e  t h a t  CPB and ABP form 
a complex. The complex may e i t h e r  be l i n e a r  through the  
i n t e r a c t i o n  between CN and NH2 groups, o r  p l a t e - l i k e  
through t h e  i n t e r a c t i o n  between biphenyl  r ings .  E i the r  of 
these e f f e c t s  can l ead  t o  a TN+I va lue  h igher  than t h a t  of 
CPB i t s e l f .  I n  the  case of the MBBA-CBP mixture ,  a non- 
l i n e a r  complex, which is no t  l i q u i d  c r y s t a l l i n e ,  may be 
formed wi th  s u b s t a n t i a l l y  lower formation cons t an t s  than 
those of MBBA-CPB o r  CPB-UP. The lack  of a long f l e x i b l e  
hydrocarbon chain i n  CBP could cause t h e  decrease  i n  the  
s t a b i l i t y  of a complex i n  t h e  h ighly  ordered l i q u i d  c rys t a l -  
l i n e  and s o l i d  phases. Such an e f f e c t  is  un l ike ly  i n  t h e  
MBBA-CPB and CPB-ABP systems. 

Recent ly ,  Ohlo has  s tud ied  s e v e r a l  o t h e r  b inary  l i q u i d  
c r y s t a l l i n e  systems, where one component bea r s  a cyano 
group, and r e p o r t s  similar phase diagrams b u t  wi th  extended 
smectic ranges.  H e  proposes a dipole-induced lamellar 
s t r u c t u r e  as an a l t e r n a t e  model t o  expla in  the  phase dia-  
grams. 
s i t u a t i o n s ,  p a r t i c u l a r l y  i n  expla in ing  t h e  induced smectic 
mesomorphism. It  is hard t o  see how such a model could ex- 
p l a i n  the  s t r o n g  non- l inear i ty  i n  TN+I i n  t h e  case  of t h e  
CPB-ABP mixtures  s tud ied  i n  t h i s  work, where a donor-acceptor 
i n t e r a c t i o n  appears  so l i k e l y .  Fur ther  s t u d i e s  on these  
unusual phase r e l a t i o n s h i p s  should al low a mechanis t ic  
d i s t i n c t i o n  a s  w e l l  as providing l i q u i d  c r y s t a l s  w i th  wider 
mesomorphic ranges and modified e l ec t ro -op t i c  parameters. 

Such a model may indeed be app l i cab le  i n  some 

Acknowledgment: This work w a s  supported by t h e  U. S. Army 
Research Off i ce  (Durham) under Grant No. DAHCO4-74-60186, 
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