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INDUCED PHASES I N  MIXTURES OF TERMINAL POLAR L I Q U I D  
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(Received June 25 ,  1979) 

Although b inary  mixtures  of mesogens usua l ly  exh ib i t  

phase diagrams of t h e  simple e u t e c t i c  type,  t h e r e  are a 

l a r g e  number of except ions which occur when mixing mesogens 

which are unal ike  i n  a s i g n i f i c a n t  s t r u c t u r a l  way. Engelen 
I e t  a1 

requirement t h a t  induced smectic phases usua l ly  occur when 

mixing a terminal polar  wi th  a te rmina l  non-polar s t ruc tu re .  

have proposed a c l a s s i f i c a t i o n  scheme s t a t i n g  t h e  

n 

Domon and Bil lard '  have pointed out  t h a t  t h e r e  are cases 

of induced smectic mesomorphism where both components do 

not  have a s t rong  te rmina l  dipole .  I n  t h i s  r e p o r t ,  some 

cases are c i t e d  where mixtures  of two te rmina l  po la r  l i q u i d  

c r y s t a l s  show phase induct ion wi th  t h e  s p e c i a l  requirement 

t h a t  po la r  e lectron-donat ing and electron-accept ing 

components t o  a TI system be  present .  

synthesized3 y4 t e rmina l  amino s u b s t i t u t e d  l i q u i d  c r y s t a l s  

and some c l o s e l y  r e l a t e d  non-mesogens. Three of t hese  

compounds are s u b s t i t u t e d  phenylcyclohexanes ( I , I I , I I I )  and 

two are s u b s t i t u t e d  biphenyls  (IV,V). 

To conduct t h e  s tudy,  w e  employed a series of r ecen t ly  

I I1 
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H 
'sHll- @- Q- N0 \ 

I V  V C4H9 

Obviously t h e i r  mixtures with n i t r i l e s  are almost i dea l  

candidates f o r  such a study i n  t h a t  e s s e n t i a l l y  only the  

terminal polar  moiety of t he  molecule is changed between 

the  two components i n  most of t h e  cases studied. I and I1 

were mixed with trans-4-n-pentylcyclohexylbenzonitrile 

(5PCH-CN); whereas, I V  and V were mixed with 4-n-pentyl-4'- 

cyanobiphenyl (CPB). Final ly ,  I11 w a s  mixed with CPB. The 

important r e s u l t s  are summarized i n  Table I. A l l  t he  sub- 

s t i t u t e d  a n i l i n e s ,  including t h e  N-substituted members, 

showed induced smectic mesomorphism o r  an induced s o l i d  

phase a t  higher concentrations,  and expansions of t he  

nematic range of t h e  respect ive n i t r i l e  a t  concentrations 

of < 7 weight %. On t he  other  hand, t h e  methanamine I1 

behaved i n  a "normal" way, i.e. depression of both K-tN and 

N-t I  . 
The phase diagram of the V-CPB system is given i n  

Fig. 1. The mixed phase region i s  q u i t e  complicated and 

not completely analyzed a t  t h i s  t i m e .  For example, a t  20 

weight % V i n  CPB, one observes par t ia l  melting of t he  

mixture a t  t h e  nematic e u t e c t i c  temperature, followed by 

pa r t i a l  conversion of t he  nematic regions t o  the  i so t rop ic  

phase a t  o r  near  t he  normal melting point of t h e  nematic 

phase. Both S and S phases are seen, together with a 

sol id- l ike phase a t  concentrations of 60% V i n  CPB. For 

t h e  50-50 mixture, only a sol id- l ike phase is observed. 

A E 

Fig. 2 presents  t he  phase diagram f o r  t h e  111-CPB 

binary system. Proceeding from e i t h e r  end of t h e  phase 
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Figure 1. Phase Diagram f o r  the Binary System CPB and V 

diagram, the  nematic range is  enhanced by an increase i n  

N+I and a suppression of K+N. 

mixture a maximum occurs f o r  both K+N and W I .  The behavior 

i n  t h i s  example c l e a r l y  ind ica t e s  t h a t  two terminal polar 

nematogens can be mixed t o  y i e ld  induced phase behavior. 

is consis tent  with our e a r l i e r 6  suggestion of a charge 

t r a n s f e r  model f o r  t he  in t e rac t ion  of unl ike mesogens. 

This model is  of considerable value i n  predict ing phase 

induction i n  binary mixtures. 

A t  t he  50-50 weight % 

The behavior of mixtures of IT donors and 71 acceptors 

Neither a charge t r ans fe r  

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

4:
04

 2
3 

Fe
br

ua
ry

 2
01

3 
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WT.%CPB 

Figure 2. 

model, nor  t h e  Engelen e t  a 1  c l a s s i f i c a t i o n  scheme, no r  

Phase Diagram f o r  t h e  Binary System CPB and I11 

Oh's' model of a lamellar s t r u c t u r e  wi th  sandwiched l a y e r s  

of terminal po la r  and non-polar mesogens is cons i s t en t  wi th  

a l l  t h e  d a t a  on systems showing non-ideal phase diagrams. 

What is  clear is  t h a t  i n t e r a c t i o n s  between l i q u i d  c rys t a l -  

l i n e  molecules of an e l e c t r o n i c  n a t u r e  can pe r tu rb  t h e  

normal phase r e l a t i o n s h i p s  whether t h e s e  be of a dipole- 

d ipo le  o r  charge t r a n s f e r  type. 

Acknowledgment: This  work was supported by t h e  U. S. Amy 

Research Of f i ce  (Durham) under Grant No. DAAG29-78-G-0001 

and t h e  Nat ional  Science Foundation under G r a n t  No. DMR- 
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