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VIRTUAL NEMATIC-ISOTROPIC TRANSITIONS 

C. DESTR.A.DE 
Centre de Recherches Paul Pascal,  Domaine Univer- 
s i t a i r e ,  33405 TALENCE, FRANCE 

(Submitted f o r  Publication November 22 , 1977) 

Abstract A new method f o r  the determination of 

v i r t u a l  nematic i so t rop ic  t r a n s i t i o n s  is given. The 

method is based on t he  measurement of angular corre- 

l a t i o n s  i n  t h e  i so t rop ic  phase by means of Depolarized 

Rayleigh Scattering. It provides a good t o o l  fo r  the 

study of the nematogenic power of subs t i t uen t s  and t o  

estimate the e f f e c t  of d i subs t i t u t ions  on any cen t r a l  

r i g i d  core. 

The determination of t he  v i r t u a l  nematic-isotropic 

t r a n s i t i o n  temperature (T v i r t u a l )  is an i n t e r e s t i n g  topic  

both from a theo re t i ca l  or  p r a c t i c a l  point of view. What is 

the problem? An organic substance can exh ib i t ,  a f t e r  melting 
from the  c r y s t a l l i n e  phase, a nematic phase when the tempera- 

t u r e  is increased (enantiotropic) o r  an i so t rop ic  phase (mono- 
t rop ic )  on cooling; moreover, upon cooling, sometimes the  
s o l i d  phase appears  before the  supposed nematic phase can be 

e f f ec t ive ly  observed. L e t  us  speak i n  t h i s  case of the 

v i r tua l  t r ans i t i on .  The determination of these t r ans i t i ons  

can be performed by several  physical techniques; namely, by 

N I  

the  study of phase diagrams' and by Depolarized Rayleigh 

Scattering.* 

laboratory.  

This last  technique has been used i n  our 

In  f a c t ,  two d i f f e ren t  approaches t o  the  problem can be 

made. One is purely macroscopic and is based on t h e  measure- 

ment of t he  va r i a t ion  of the depolarized s c a t t e r i n g  in t ens i ty  
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162 C. DESTRADE 

with the temperature and the other ,  microscopic, i n t e r -  

p r e t s  t h i s  i n t e n s i t y  i n  terms of o r i en ta t iona l  correlat ions.  

GENERAL TECHNIQUE 

Measurements of the integrated spec t r a  of Depolarized 

Rayleigh Scat ter ing i a r e  performed with a "gammadiffusio- 

mgtre" already used a t  the wavelength of 546.1 nm. The 

experimental accuracy on T is about 20.1 C. The apparatus 

is ca l ib ra t ed  by comparison with the  depolarized l i g h t  

scat tered by a c e l l  f i l l e d  with toluene; such a compound is 

known t o  have an approximatively temperature independent 

s ca t t e r ed  i n t e n ~ i t y . ~  

ratio i/itoluene 
have been ca re fu l ly  pu r i f i ed  and f i l t e r e d .  

3 

0 

The experimental uncertainty on the  

is  about 1%. A l l  t he  substances studied 
5 

MACROSCOPIC APPROACH 

Several purely nematic compounds have been studied: 

MBBA,' p-methoxy-p'-pentyl benzoate4 and p-methoxy-p I -  

pentyl tolan (Figure 1 ) .  The va r i a t ions  of i with tempera- 

t u r e  are w e l l  represented by a clasic law:6 i = kT/T-T 

where T is close t o  ( l o  <) t he  c lear ing temperature TNI. 

In the case of monotropic nematics, p-methoxy-p'-propyl or  

butYl tolan (Figure 1 )  one can observe a similar comport- 

ment. 

the parametration of i versus T by a computer least square 

method leads t o  a TNI v i r t u a l  temperature of 37OC. I n  the 

next considerations we w i l l  c a l l  AT t h e  difference between 

TNI ( r e a l  o r  v i r t u a l )  and Tf (fusion of s o l i d  phase); ATCN 

* 
* 

A t  las t  f o r  t he  p-methoxy-p'-ethyl tolan %on-nematic", 

CN 

represent the nematic range. 

The compound CH C 

0 

provides us with 
311 
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VIRTUAL NEMATIC-ISOTROPIC TRANSITIONS 163 

FIGURE 1 Depolarized l i g h t  s ca t t e r ed  by some 

p-methoxy-p'-alk 1 tolans 

(CH30-@%&R) with temperature. 

an i n t e r e s t i n g  example; TNI v i r t u a l  has been found a t  43OC, 

whereas an observation of droplets  under a polar iz ing micro- 

scope' has shown the existence of a t r ans i en t  nematic phase 

at  44.2OC which agrees w e l l  with the TNI v i r t u a l  previously 

calculated.  

In  f a c t ,  t h i s  macroscopic procedure can be used only f o r  

substances with v i r t u a l  temperature c lose t o  T 

compound ATCN - -27') so t h a t  the va r i a t ion  of i versus T is 
( fo r  the last f 
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164 C. DESTRADE 

important. 

another kind of approach, a microscopic one, we present now. 

On the  contrary when AT < - 6OoC, w e  used CN 

MICROSCOPIC APPROACH 

The study of t he  va r i a t ion  of t he  molar depolarized 

i n t e n s i t y  (y = k i / c  ) with the  concentration a t  one 

temperature shows, f o r  mesogenic molecules, a very s p e c i f i c  

behavior." 

range of concentration and allows the  measurement of t he  

s p e c i f i c  molar i n t e n s i t y  y 

scat tered a t  i n f i n i t e l y  d i l u t e  so lu t ion ) .  

concentration y2 increases s t rongly up t o  the pure l i qu id  

(@. Then w e  can c l a s s i c a l l y  def ine,  with some approxi- 

mat ions,  9s10 the angular co r re l a t ion  parameter J 

5 * 
2 

The molar i n t e n s i t y  i s  constant i n  a very short  

03 
( i n t e n s i t y  t h a t  would be 2 

After a c r i t i c a l  

A 
22' 9 In  the  microscopic model of KIELICH,  J t2 = (f-yi)/yy, 

- 1> 1 the expression of t h i s  parameter is: 2 2 <3cose 

where Z is the  number of neighbors of one molecule having the 

same kind of i n t e rac t ions  and 8 

longer a x i s  and the Z of o the r  molecules. 

t i ng  parameter giving easy measurements of the short  range 

order i n  the i so t rop ic  phase. 

22 

is t he  angle between i ts  
A 22 

J22 is an interes-  

We have s tudied the  v a r i a t i o n  of JA with temperature for 22 
several  co lo r l e s s  and s t a b l e  nematic compounds: 

-%N - 42 I ,  - CH30*0C5Hl l  4 c  

C H 3 0 a Z C O R  with R = C H (C 66 I - 61 [N])  and 
3 7  

~~ ~~ * 
We use a quasi i so t rop ic  solvent such as carbon t e t r a -  
chlor ide o r  cyclohexane. s l o  
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VIRTUAL NEMATIC-ISOTROPIC TRANSITIONS 165 

52 8 83.3 * 
C A N -I. T has been calculated as before and w e  

have found respectively: 312.95,4 333.4, 326.8 and 355.5 K. 

For a l l  these substances the  coe f f i c i en t  of the l a w  JA 

kT/T-T is  k = 0.675 2 0.005. 

va l id  only near the nematic-isotropic t r ans i t i on .  Since it  

is obvious t h a t  at  high temperatures should tend t o  zero 

l i k e  - we use the following r e l a t ion :  J22 = 0.675 TIT-T -0.675 T' 
t o  ca l cu la t e  the function JA = f(T) from TNI t o  TNI + 250' 

(Figure 2 ) .  

of TNI v i r t u a l  temperature by comparison with the experimental 

value of t he  angular co r re l a t ion  parameter a t  one temperature. 

This method is i l l u s t r a t e d  i n  Figure 2 f o r  t he  four compounds: 

- 
= * 22 

In  f a c t ,  t h i s  s b p l e  l a w  is 

1 22A * 

22 
This curve is  very useful  f o r  t he  determination 

found f o r  T v i r t u a l  18, -70, -135 and -165OC. N I  

FIGURE 2 Calculated va r i a t ion  of JA with tempera- 22 
t u r e  from T ( 0 )  and TNI + 250°C N I  JA 

15 

10 

5 

0 

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:
46

 2
3 

Fe
br

ua
ry

 2
01

3 



166 C. DESTRADE 

Thus, t h i s  technique allows a study of the nematogenic 

power of monosubstituted r i g i d  cores” or  a l t e r n a t i v e l y  t o  

estimate the e f f e c t  of d i subs t i t u t ion  on any r i g i d  core as 

shown i n  t h i s  paper. 
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