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ABSTRACT. The p r i n c i p a l  e lec t r ica l  conduct i -  
v i t i e s  ul, and 5 of mixtures  of two e u t e c t i c  
compositions have been s t u d i e d  as func t ions  
of temperature  and composition i n  t h e  nema- 
t i c ,  smectic A and re -en t ran t  nematic phases.  
The conduc t iv i ty  r a t i o  u,,/crr shows s t rong  
p r e t r a n s i t i o n a l  e f f e c t s .  

INTRODUCTION. I n  o u r  ear l ier  we  had 
shown t h a t  t h e r e  i s  ev iden t ly  no d i f f e r e n c e  be t -  
ween t h e  r e -en t r an t  nematic and t h e  high tempera- 
t u r e  nematic phases ,  p a r t i c u l a r l y  regarding t h e  
s t a t i c  d i e l e c t r i c  cons t an t s  and t h e  e lec t r ica l  
conduc t iv i ty .  I t  was also shown t h a t  t h e  e lectr i -  
cal  conduc t iv i ty  i s  a s e n s i t i v e  measure of 'smectic 
o rde r ing  as evidenced by t h e  behaviour of t h e  con- 
d u c t i v i t y  r a t i o  R =  u,, /aL. The va lue  of R i n  t h e  
r e -en t r an t  nematic phase was found t o  be compar- 
a b l e  wi th  t h a t  of t he  high temperature nematic 
phase, except  i n  t h e  case of 4-cyanophenyl-3'- 
methyl-4(4'-dodecyloxy)benzoate3 where i n  a very 
s t rong  i n c r e a s e  of R was found. This  probably i s  
due t o  t h e  d i e l e c t r i c  r e l a x a t i o n  e f f e c t s  which 
s t a r t  mani fes t ing  a t  r a t h e r  l o w  f requencies  f o r  
t h i s  t r i a r o m a t i c  compound. In  t h i s  paper  w e  re- 

'Humboldt fe l low,  on leave of absence from t h e  
Raman Research I n s t i t u t e ,  Bangalore-560 080, I n d i a  
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p o r t  t h e  e lec t r ica l  conduc t iv i ty  s t u d i e s  of mix- 
t u r e s  c o n s i s t i n g  of b ia romat ic  cyano compounds. 
Because of t h e  comparatively s h o r t  molecular 
l eng th ,  t h e  i n f l u e n c e  of t h e  d i e l e c t r i c  re laxa-  
t i o n  should be diminished. Furthermore,  w e  have 
used e l e c t r o l y t e  dopants i n  t h e  p r e s e n t  exper i -  
ments. 

EXPERIMENTAL. The b inary  system used i n  t h e  pre-  
s e n t  s tudy cons i s t s  of t w o  e u t e c t i c  compositions 
A and B having t h r e e  components each.  Table I 
g i v e s  t h e  f r a c t i o n s  of t hese  components c a l c u l a t e d  
from t h e  mel t ing  r n t h a l p i e s  and temperatures  using 
t h e  Schroder-van Laar equat ion  and Table I1 g ives  
t h e  t r a n s i t i o n  temperatures  of t h e  compositions A 
and B. The phase diagram of t h e  compositions i s  
shown i n  Fig.1. The b a s i c  composition A e x h i b i t s  
only a (normal) nematic phase whi le  t h e  composi- 
t i o n  B shows i n  a d d i t i o n  both t h e  smectic A and 
t h e  r e - e n t r a n t  nematic phases. The r e -en t r an t  
nematic phase i s  also exh ib i t ed  by mixtures  f o r  
concent ra t ions  h igher  than 53% by weight of B. 

f o r  4 d i f f e r e n t  concent ra t ions ,  v i z ,  25.1, 5 0 . 2 ,  
6 0 . 8  and 75.1% by weight of B i n  A,  i n  a d d i t i o n  
t o  t h e  b a s i c  compositions A and B. The complex 
impedance of t h e  magnet ica l ly  a l igned  sample 
( t h i c k n e s s =  1 mm, B =  1 T e s l a )  w a s  measured using 
an a u t o m a t i c  Hewlett-Packard br idge  (HP 4 2 7 4  A)  
a t  a frequency of 100 HA 
RESULTS. T o  s t a r t  wi th ,  two d i f f e r e n t  dopants,  
v i z ,  N-dodecyl ethyldimethylammoniu-4-hexyloxy 
benzoate (ZLI 235, Merck) and tetrabutylammonium- 
p i c r a t e  (TBAP) w e r e  t r i e d  wi th  a 60.8% weight mix- 
t u r e  of B i n  A w e l l  as wi th  tetrabutylammonium- 
p i c r a t e  (TBAP) .  The Arrhenius p l o t s  of t h e  elec- 
t r i ca l  conduc t iv i ty  of t h e  doped and undoped 
samples are given i n  Fig.2 while  t h e  conduc t iv i ty  
r a t i o  versus  temperature p l o t s  of t h e  same samples 
are given i n  Fig.3.  I t  i s  seen t h a t  a l though t h e  
e f f e c t  of both dopants i s  t o  i n c r e a s e  t h e  abso lu te  
va lue  of a ( F i g . 2 ) ,  one of them, v i z ,  TBAP, 
d r a s t i c a l l y  reduces t h e  sharpness  of t h e  R versus  
temperature curve (F ig .3 ) .  I n  c o n t r a s t ,  t h e  o t h e r  
dopant ZLI 235 does n o t  a l t e r  t h e  shape of t h e  

The electrical  c o n d u c t i v i t i e s  w e r e  measured 
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ELECTRICAL CONDUCTIVITY OF MIXTURES 279 

TABLE I 
Molecular structure, melting enthalpies ( A H / k J -  
mol-1) and melting points (t/OC) determined by DSC, 
and mole fraction (x) of the components A and B 

A B 

‘gH1 7- ‘gH1 9- 

AHrn 

tm 
X 

AHm 
tm 
X 

A Hm 

tm 
X 

40.6 45.2 
70.9 75.9 

0.157 0.134 

C7H15- ‘gH1 7- 

26.4 27.6 
53.3 54.1 

0.494 0.552 

- 0  
‘ 4 0  

‘ 0  
U 

C7H1 5- ‘gH1 7- 

22.6 28.1 

71.9 72.7 
0.349 0.314 

-O -QN C ” G “  
U 

TABLE I1 

Transition temperatures of A and B 

Transition Temperature/OC 

A B 

isotropic- nemati c 86.4 88.7 
nematic - smectic A - 70.6 
smectic A - re-entrant nematic - 20.2 
calculated melting points 31 - 2  36 .O 
experimental melting points 32 .O 35.4 
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Isotropic 

80 

u 
2 60- 
a 
3 
i- 
4. a 
W 
IL 

t- 
5 LO- 

20 - 

Nematic 

0 20 LO 60 80 1 
A CONCENTRATION B 

Figure  1. Phase diagram of t h e  e u t e c t i c  compo- 
s i t i o n s  A and B. Concentrat ion i s  given i n  weight 
pe rcen t  of B i n  A. 

curve s i g n i f i c a n t l y  and hence w a s  used f o r  a l l  t h e  
mixtures  s tud ied .  From a p l o t  of l og  0 v e r s u s l o g  f, 
w e  have estimated t h a t  f o r  a l l  mix tures  doped 
wi th  Z L I  235, t h e  in f luence  of t h e  d i e l e c t r i c  loss 
on t h e  electrical  conduc t iv i ty  measured a t  100 Hz 
i s  less than  2 % .  

i n  Fig.4 f o r  d i f f e r e n t  compositions of B i n  A.  
Remarkably, t h e  shape of t h e  curves  do n o t  d i f f e r  
f o r  t h e  smectic mixtures  and t h e  non-smectic ones. 
S t a r t i n g  f r o m  t h e  c l e a r i n g  p o i n t ,  a s  t h e  tempera- 
t u r e  i s  decreased R i n i t i a l l y  shows an i n c r e a s e  
b u t  soon r e v e r s e s  i t s  t r end ,  e v i d e n t l y  due t o  t h e  
in f luence  of  s h o r t  range smectic o r d e r  which 
causes  a decrease of a,, . R cont inues  i t s  decreas- 
i n g  t r e n d  r i g h t  through t h e  smectic A - nematic 

The p l o t s  of R versus  temperature are shown 
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ELECTRICAL CONDUCIWITY OF MIXTURES 281 

0 
A o  

A 0  
o A  
n o  

A o  
A 

0 
a 0  

A 

I N A RN 
I 
I 

l 

a I !  I 
3.1 3.5 
1OOOKIT 

Fiqure 2.  

versus  1/T f o r  
t h e  60.8% 
weight mix- 
t u r e  of B i n  
A. ( a )  doped 
wi th  TBAP, 
( b )  doped 
wi th  ZLI 235, 
( c )  undoped 

P l o t  of l o g o  

t r a n s i t i o n  and a t t a i n s  a minimum value  around t h e  
middle of t h e  smectic regioii.  On f u r t h e r  decrease 
of temperature ,  R starts e x h i b i t i n g  an inc reas ing  
t r e n d  which i s  cont inued r i g h t  upto t h e  lowest 
temperature  i n  t h e  r e -en t r an t  nematic phase, no 
d i s c o n t i n u i t y  i n  R being observed a t h e  re- 
e n t r a n t  nematic - smectic A t r a n s i t i o n  e i t h e r .  
Obviously, when cool ing beyond t h e  middle of t h e  
smectic range, t h e  smectic o rde r  becomes uns tab le  
again.  The minimum of t h e  conduct iv i ty  r a t i o ,  
which i n d i c a t e s  t h e  maximum smectic s t a b i l i t y ,  
occurs  a t  about  4OoC f o r  compositions. I t  i s  
worth not ing  t h a t  a minimum i n  R i s  observed even 
f o r  t h e  non-smectic b a s i c  composition A ,  al though 
none of t h e  c o n s t i t u e n t  components e x h i b i t s  a 
smectic phase. 

The r e s u l t s  of e l e c t r i c a l  conduc t iv i ty  
s t u d i e s  show l a r g e  p r e t r a n s i t i o n a l  e f f e c t s  no t  
only versus  temperature ,  bu t  a l s o  versus  compo- 
s i t i o n .  Espec ia l ly  wi th  r e s p e c t  t o  t h e  maximum 
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1.3 

0 

1. 6 "0, 

I !I 
10 LO 70 

TEMPERATURE /'C 
10 

Figure  3 .  Electr ical  conduc t iv i ty  r a t i o  R v s  
temperature  f o r  t h e  doped and undoped samples of 
t h e  60.8% weight mixture of B i n  A .  
(see legend of Fig.2) . 

s m e c t i c  s t a b i l i t y  found f o r  t h e  non-smectic mix- 
t u r e  A,  it should be of i n t e r e s t  t o  see i f  o t h e r  
phys i ca l  p r o p e r t i e s ,  e .g .  e l a s t i c  c o n s t a n t s ,  also 
show a s i m i l a r  behaviour. 
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ELECTRICAL CONDUCTIVITY OF MIXTURES 283 

I 1 
40 70 

TEMPERATURE /'C 
f 

10 

F i g u r e s  4 .  C o d u c t i v i t y  r a t i o  R v s  t empera tu re  
c u r v e s  f o r  mixtures  of B i n  A.  The we igh t  concen- 
t r a t i o n s  s tud ied  are ( a )  0% ( i e  A ) ,  (b) 25.0%, 
(c)  50.2%, ( d )  6 0 . 8 % ,  (e )  75.1% and (f) 100% 
( i e  B ) .  
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