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ELECTRICAL CONDUCTIVITY MEASUREMENTS OF THE 

ORIENTATIONAL ORDER PARAMETER IN THE MICELLAR NEMATIC 

PHASE OF THE CAESIUM PENTADECAFLUOF.OCTANOATE/WATER 

SYSTEM 

-F N. BODEN, D. PARKER AND K.W. JOLLEY 

Department of Physical Chemistry, University of Leeds, 

Leeds LS2 gJT., England. ( Department of Chemistry 

and Biochemistry, Massey University, Palmerston North, 

New Zealand.) 

1- 

Abstract 
presented 
pentadecaf 

Electrical conductivity measurements are 
for the micellar mesophases of the caesium 
'luoroctanoate/heavy water (CsPFO/21i20) system 

The electrical conductivity monitors the diffusivity of 
the counterions around the micelles and transforms as a 
second rank tensor with a reference frame coincident 
with the principal axes of the inertial tensor. This 
means that the second rank orientational order 
parameter can be calculated from measurements of the 
angulardependence of the conductivity of a macro- 
scopically aligned sample. Values of the order 
parameter in both the lamellar and nematic phases have 
been obtained in this way. The value obtained for the 
order parameter exponent 13 = 0.31 +_ 0.03 in the nematic 
phase of a sample with a weight fraction of CsPFO of 
0.55 is substantially smaller than the corresponding 
value as obtained by earlier birefringence measurements 

INTRODUCTION 

The CsPFO/water system is of especial interest because it 

exhibits a micellar nematic phase of type N ' 
unprecedented range of concentration (0.225 to 0.632 weight 

fraction W of CsPFO) and temperature (285.29 to 351.23K) .' 
This phase is intermediate to a micellar lamellar phase LD 
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122 N. BODEN, D. PARKER AND K. W. JOLLEY 

at lower temperatures and an isotropic micellar solution 

phase I at higher temperatures. The aggregates have been 

~ h o w n ~ - ~  to be discrete discoid micelles in all of the three 

phases. Significantly, the lamellar phase consists of pla- 

nar arrays of discoid micelles, not the classical infinte 

bimolecular layers. The isotropic micellar solution to 

nematic to lamellar sequence of transitions is, therefore, 

quite analogous to the isotropic liquid to nematic to smec- 

tic A sequence observed for thermotropic mesogens with lath 

shaped molecules. Thus, it is of considerable interest to 

investigate the nature of these transitions and to compare 

them with what is known about their thermotropic counter- 

parts. 

Here we focus on the measurement of the orientational 

order parameter S. O f  especial interest will be the form 

of the power law for the nematic order parameter 

* 
where T is the superheating limit of the nematic phase. 

The nematic to isotropic transition is much weaker than that 

of thermotropics. In fact, for concentrations less than 

w = 0.35, the temperature interval T - TNI, between the 

upper and I.ower boundaries to the transition, varies lin- 

early with W ,  that is, the transition would become second 

order at infinite dilution!2 

parameter along the transition line have been estimated from 

NMR measurements2 and found to decrease with decreasing 

concentration of CsPFO,  a result inconsistent with the pre- 

dictions of the Maier-Saupe mean field theory. The values 

obtained for the order parameter exponent 6 also appear to 
decrease on dilution [a = 0.50 : @ = 0.57 ? 0.06;  W = 0.398; 

6 = 0.34 F O.O6]!"To account f o r  this variation of @ with 

IN 

Values for the nematic order 
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THE CsPFO/WATER SYSTEM 123 

c o n c e n t r a t i o n ,  it has  been sugges ted  t h a t  t h e r e  i s  a t r a n -  

s i t i o n  from c l a s s i c a l  mean f i e l d  behaviour  ( B  = 0.50) t o  

t r i c r i t i c a l  behaviour  ( B  = 0 . 2 5 ) .  However, it is necessa ry  

t o  be  c a u t i o u s  because t h e s e  o r d e r  pa rame te r s  were ob ta ined  

d i r e c t l y  from o p t i c a l  b i r e f r i n g e n c e  measurements. The va r -  

i a t i o n  of t h e  b i r e f r i n g e n c e  wi th  tempera ture  i s  dependent 

upon b o t h  t h e  s i z e  and shape of t h e  micelles i n  a d d i t i o n  t o  

t h e i r  o r i e n t a t i o n a l  o r d e r  parameter .  I n  view of t h e  sub- 

s t a n t i a l  change i n  t h e  d i ame te r  of t h e  micelle w i t h  temp- 

e r a t u r e  a c r o s s  t h e  nematic p h a ~ e , ~  it i s  q u i t e  i n c o r r e c t  t o  

re la te  t h e  o p t i c a l  b i r e f r i n g e n c e  d i r e c t l y  t o  nematic o r d e r  

parameter  as w a s  done i n  t h e  above s t u d i e s .  I t  i s  v i t a l  t o  

s e p a r a t e  t h e  c o n t r i b u t i o n s  from micelle s i z e  and o r d e r  par- 

ameter v a r i a t i o n  and a l s o  from any changes due t o  t h e  re- 

o r i e n t a t i o n a l  motion of t h e  amphiphi l ic  molecules  w i t h i n  

t h e  m i c e l l e .  Below w e  show how t h i s  can  be done u s i n g  e l -  

ectrical  c o n d u c t i v i t y  measurements. 

CALCULATION OF ORDER PARAMETER FROM CONDUCTIVITY MEASURE- 

MENTS 

The c o n d u c t i v i t y  experiment '  m e a s u r e s  t h e  p a r t i a l l y  aver -  

aged component ( @ )  of t h e  c o n d u c t i v i t y  t e n s o r  K a long  

t h e  d i r e c t i o n  of t h e  a p p l i e d  e l e c t r i c  f i e l d  E which i s  t a -  

ken t o  be  a long  t h e  z -ax is  of t h e  l a b o r a t o r y  frame L ( x , y , z ) .  

T h i s  i s  g iven  by 

-f 
Z Z  

+ 
where # i s  t h e  ang le  between t h e  d i r e c t i o n  o f  E and t h e  

mesophase d i r e c t o r  and S i s  t h e  o r i e n t a t i o n a l  o r d e r  pa ra -  

m e t e r  of t h e  m i c e l l e s .  K,, and K, are t h e  unaveraged comp- 

onen t s  of t h e  t e n s o r  i n  t h e  m i c e l l a r  frame M(a ,b , c )  and 
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I24 N RODEN. D PARKER AND K W JOLLBY 

From E q .  (2) w e  ob ta in  

where b? = 2 ( 0 ' )  - ? (90"). Thus, t o  ob ta in  va lues  f o r  

2' we need va lues  fo r  K,, and KA i n  t h e  mice l l a r  frame. These 

have been c a l c u l a t e d  using t h e  F r i cke  model,' f o r  t h e  cond- 

u c t i v i t y  of a suspension of non-conducting e l l i p s o i d a l  par- 

t ic les .  This  g ives  

Z Z  Z Z  

where K i s  t h e  i n t r i n s i c  conduc t iv i ty  of t he  coun te r ions ,  

f i s  t h e  f r a c t i o n  of counter ions bound t o  t h e  m i c e l l e ,  

i s  the volu~iie f r a c t i o n  of miccll.es, and 5 i s  s o l e l y  a 

funct ion of t h e  a x i a l  r a t i o  of t h e  micelle. 

0 

% 
a 

The values  of ? (0") and (90") f o r  a sample with zz Z Z  

13 : 0.55  a r e  p l o t t e d  a s  a funct ion of temperature i n  Figure 

1 .  Values f o r  t he  o rde r  parameter were c a l c u l a t e d  using 

t h e  procedure o u t l i n e d  above and va lues  f o r  t he  a x i a l  r a t i o  

of the mice l l e  obtaiiied from X-ray d i f f r a c t i o n  measurements! 

The r e s u l t s  a r c  summarised i n  Figure 2 .  

DISCUSSION 

Thc temperature dependence o f  t h e  o rde r  parameter ac ross  

the  nematic and l ame l l a r  phases i s  reminiscent  of t he  be- 

haviour of thermotropics .  The values  of :? a t  T (0 .7 l ) and  

TNI ( 0 . 3 2 )  and the  weak temperature dependence of S i n  t he  

l ame l l a r  phase a r e  q u i t e  s i m i l a r .  B u t ,  i n  t h e  nematic phase 

,i: i nc reases  much f a s t e r  on cool inq t h a n  t h e  molecular o rde r  

parameter of thermotropic ncrnatics . This behaviour has i t s  

o r i g i n  i n  t he  v a r i a t i o n  with temperature of t h e  diameter of 

LN 
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1 2  lor 
8 

I 

I 

' 

I 

I 
I 

-r / K  

FIGURE 1.  The electrical conductivity ? ( @ )  measured 

as a function of temperature at 10 kHz in a sample of 

CSPFO/D 0 where w = 0.555 ? 0 . 0 2 .  

z z  

2 

FIGURE 2 .  Orientationdl order parameter, s, of the 
micelles as a function of temperature. 
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I26 N. BODEN. D. PARKER AND K. W .  JOLLEY 

the micelle t.he growth in the diameter of the micelle on 
cooling shifts the effective T to higher temperatures. NI 

FIGURE 3. Fitting of equation ( 1 )  to the orientat- 

ional order parameter within two degrees nf T 

fit gives = 0.31 * 0.03 .  

The NI' 

A value for the order parameter exponent 6 has been 
obtained by a four parameter fit of Eq. (1)  to the exper- 

imental S over a two degree interval. The best fit gave: 
4. 

fi = 0.31 f 0 . 0 3 ,  T = 330.82 2 0.02 (c.f. TNI = 330.663 f 
* 

0 .010) ,  S = 0 . 1 5  f 0.02 and S(T ) = 0.32 f 0.01. This 

value for fi is significantly smaller than the value of 0.57 
? 0.06 previously obtainedb by birefringence measurement 

for a W = 0.50 sample. In fact, it is quite close to the 

value of 0.34 2 0.06 similarly measured7for a W = 0.398 

sample. Thus it could well be that the value of the expo- 

nent may not vary significantly along the transition line. 

B u t  we must be cautious about such conclusions at this 

NI 
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THE CsPFOlWATER SYSTEM 127 

j u n c t u r e  i n  view of t h e  u n c e r t a i n t y  of t h e  v a l u e s  f o r  (3 

ob ta ined  from o p t i c a l  b i r e f r i n g e n c e  measurements. 
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